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Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
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CORONARY ARTERY DISEASE 


651. 

arty Ciiical Results of Long Coronary Arteriotomy, 
Endarterectomy and Reconstruction Combined with 
Sere ce aypara Serene for Severe Coronary Ane 


eres Sommerhaug, Steven F. Wolfe, Daniel A. Reid, and 
David E. Lindsey 


We performed long coronary arteriotomy, endarterectomy and 
reconstruction, and multiple bypass graft surgery over a 2.5- 
“year period in 130 of 329 patients to ensure complete myocar- 
dial infarction. Data indieate that complete myocardial revas- 
' -gularization can be effectively accomplished by this approach 
in patients with severe coronary artery disease. 


Finci, Bernhard Meier, Josiane Favre, Alberto Righetti, 
id Wilhelm Rutishauser 


One hundred consecutive patients with total coronary occlu- 
sion underwent successful percutaneous transluminal coronary 
angioplasty and were followed for a mean period of 2 years. 
esults were compared with 100 consecutive patients in whom 
CA failed. Patients witi successful coronary angioplasty of 
chronic total occlusion appeared to fare significantly better 
“than those with failed angioplasty. 


663. 
Emergency Percutaneous Transluminal Coronary 

for Acute Myocardial Infarction in Patients 
70 Years of Age and Older 
Tommy C. Lee, Louise A. Laramee, Barry D. Rutherford, 
David R: McConahay, Warren L. Johnson, Lee V. Giorgi, 
Robert W. Ligon, and Geofirey O. Hartzler 


‘Direct. percutaneous transluminal coronary angioplasty was 

formed to establish reperfusion during acute myocardial in- 

tion in 105 elderly patients. Primary success was achieved 

1% of the infarct-related arteries. Direct PTCA is effective 

Ivaging ischemic myocardium during acute MI in the el- 

derly patient and is associated with a high success rate and low 
lication rate. 


We studied circadian rhythms in 111 patients with coronary 
artery disease. There was significant variation (high values be- 
tween 8 and 10 A.M. and between 4 and 5 P.M.). Heart r: 

at onset of ischemic episodes and maximal heart rate 
ischemic: episodes were lower between midnight and | 

than during other times of the day. Circadian rhyt | 

emic actwity is based on a comparable variation in my: 

oxygen requirements. 


673 
Long-Term Follow-Up of Postmyocardial 





Fibrillation Treated with Amiodarone 
Boris Strasberg, Jairo Kusniec, Bruria Zi otikamie 
Mager, amd Samuel Sclarovsky 


Electrophysiol ogic studies revealed that lowed ci 
in 33 patients with ventricular tachycardia after hea 
cardial infarction is an effective first-line anti 

apy with a low incidence of adverse effects. 


679 
Comparison of Nicorandil and Atenolol in 3 


Angina Pectoris 
Liam O. Hughes, Edward L. Rose, Avijit Lahiri, a 
Raftery 


We compared nicorandil (20 mg twice ai with a 
(100 mg once daily) in 37 patients with chronic stable 
pectoris, Both drugs produced significant and compen i 
provements in predose exercise time. 


GSJ ùO Á e i amr 
Effects of Nitroglycerin at Therapeutic Doses on 
Platelet Aggregation in Unstable Angina P 

Acute Myocardial Infarction 

Jean Diodati, Pierre Théroux, Jean-Gilles Latour, Luci 
Lacoste, Jules Y.T. Lam, and David Waters 


We evaluated platelet aggregation in 10 patients. 6 withu 

ble angina, 5 with acute myocardial infarction): befor 

and after a 45-minute infusion of nitroglycerin, Nitroglycerin 
decreased platelet aggregation to adenosine diphosphate or to 
thrombin in all patients by 50%. This inhibition was ra idl 
reversible after discontinuation of the drug. 


689 





ame aara A Characteristics of 


Dirk Hausmann, Peter Nikutta, Hans-Joachim Trappe, 
ermer G. Daniel, 1, Paul Wenziaff, and Paul R. Lichtlen 


Significance of Dipyridamole-Induced Tr: 

of the Left Ventricle During Thallium-20: 

in Suspected Coronary Artery Disease __ 

Pierre Chouraqui, Erwin A. Rodriguaa Daniel S. Per an, and 
Jamshid Maddahi 





f the left ventricle during dipy- 


1-201 scintigraphy in 73 


t both dipyridamole thallium-201 study ` 


angiography. Patients with an abnormal tran- 

on ratio. (21.12). had a-higher incidence of 3-vessel 

z, higher prevalence of collaterals, more extensive myo- 

dial reversible defects and a higher incidence of dipyrida- 

ie-induced anginal chest pain, LV transient dilation during 

ridamole thallium-201 scintigraphy is a marker of exten- 
yocardial ischemia. 


ven P. Sedlis, Jeffrey M. Sequeira, and Henry M. Altszuler 


Ve measured coronary sinus lysophosphatidylcholine during 
cing stress. Coronary sinus LPC concentration increased 
69.1 £ 5.3 uM at baseline to 101.7 + 9.0 uM at 4 
minutes and to 178.0 + 18.0 uM at peak pacing in 14 ischemic 
p <0.01). In contrast, coronary sinus LPC did not 
significantly in 6 nonischemic patients and LPC did 
increase in mixed venous or arterial blood from ischemic 
thus, coronary sinus LPC accumulation may be an 
marker of ischemia in humans. 


Correlates of ST-T-Wave 
Coronary Artery 


id M: Mirvis, Faten El-Zeky, Roger Vander Zwaag, 
langudi B. Ramanathan, James H. Crenshaw, Frank H. 
and Jay M. Sullivan 


ated clinical, hemodynamic and coronary angio- 
from 9,801 patients to determine the correlates of 
depression on the routine electrocardiogram. The 
ificant correlates of ST-T wave abnormalities. were 
left ventricular contraction abnormality, followed 
gender, left anterior descending coronary artery dis- 
elevated end-systolic volume index and hypertension. 


‘he ffect of intracoronary nitroglycerin on coronary stenosis 
ensions and translesional hemodynamics (pressure gradi- 
) was evaluated using quantitative coronary arteriography 
dard Newtonian fluid dynamic equations. At baseline 
flow: elocity, intracoronary nitroglycerin predicted a decrease 
verage transstenotic pressure gradient, although acceler- 
ted flow velocities may actually increase hemodynamic ob- 
on, particularly in severe stenoses. The potential for 
yocardial flow maldistribution and subendocardial isch- 

mia exists after intracoronary nitroglycerin. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


therapy were examined | 

sponse of the VT 

significant. correlation’ be 

change in cycle length from | 

ever, only 60% of the patients had cycle gt 

that differed by <10%; fewer than 20% of patients 
tional slowing on amiodarone as compared to proca 


715 ooi a 
Atrial Endocardial Mapping in the Rare Form 
Flutter 


Francisco G. Cosio, Antonio Goicolea, Maria López-G 
Fernando Arribas, José Luis Barroso, and Ramiro Chicote 


Endocardial mapping of the:tare and common formol 
flutter revealed that most cases of rare AF are duet 
atrial macroreentry with clockwise rotation of activatio 
that counterclockwise circuits can also prodiga. ra 
patterns. 


721 


lation who had sual ears recorded during that 
sion while in sinus rhythm were studied to identify clini 
Doppler echocardiographic correlates of instabilit 

onset. Multiple logistic regression analysis identified 
ables as independent. predictors of clinical instability wi 
onset. Data revealed that patients who are more depend 
the atrial contribution to ventricular filling are at i 
risk of instability with AF due to the loss of atrial systol 


Peter J. Kudenchuk, Jack Kron, Charles G. Walance, Joel 
Cutler, Karen K. Griffith, and JohnH. McAnulty 


Forty-nine patients with coronary artery disease init 
mented clinical sustained ventricular tachycardia or fibri 


rhythmic medication at similar therapeutic plasma co 

tions using an identical programmed electrical stimula’ 

tocol. Tested drugs included procainamide, quinidine, disopyra 
mide and phenytoin. Our data indicate that drug trials direct 
by programmed stimulation should: be cautiously interprete 
because time-associated changes can mimic a change attribu 
ed to a beneficial or deleterious drug effect. 


SYSTEMIC HYPERTENSION 


731 

Exaggerated Pressure Response to Exercise in 
Risk for Systemic 
Michael F. Wilson, Bong Hee Sung, Gwendolyn A. Pincom 
and William R. Lovallo 


Cardiovascular responses to exercise in normotensive 
compared between those at high-risk and those at lo 
hypertension. During moderate exercise, 35% of 
men had exaggerated blood pressure responses ver: 
low-risk men. Cardiac output was the s ; 





ho, Alfonso Medina, José Suarez de Lezo, 
rnandez, Manuel Pan, Ignacio Coello, Miguel 
rancisco Melian, José Segura, Francisco Jiménez, 
vancos, Eva Laraudogoitia, and Federico Vallés 


lyzed. factors affecting progression of mitral regurgita- 

nsarterial mitral balloon valvuloplasty in 200 pa- 

ultivariate analysis selected age, left ventricular vol- 

and ejection fraction as independent predictors of MR 

sssion. All these factors suggest that MR progression af- 

sr balloon valvuloplasty could be related to a more advanced 
legree of disease: 








stii  Aoonmy of Right Ventriculography in 
5 Right Ventricular Cardiomyopathy 

Daliento, Giulio Rizzoli, Gaetano Thiene, Andrea 

arco Rinuncini, Raffaello Chioin, and Sergio Dalla 


sensitivity and specificity of right and left cineven- 

m parameters were evaluated by multivariate logistic 

| 32. patients with arrhythmogenic right ventricular 
opathy, 27 with biventricular dilated cardiomyopa- 

vith atrial septal defect and 18 normal subjects. Qur 

_ indicate that arrhythmogenic RV cardiomyopathy pre- 
| quantitative volumetric and hemodynamic as well as 
tive features that clearly distinguish it from dilated car- 
myopathy and confirm its nosographic autonomy among 
primary diseases of the myocardium. 


TAG Ee eR eae a RE oe ereorae 

Effect of Preload Change on Resting and Exercise 

_ Cardiac Performance in Cardiomyopathy 
‘Wan L. Chan, David M. Gilligan, Eng L. Ang, and Celia M. 
Oakley 


est and exercise hemodynamic function after diuretic was 
mpared to that after fluid loading in 13 patients with hyper- 
phic cardiomyopathy. Although ventricular filling pressures 
jere significantly increased with volume load and decreased 
ith diuretic, exercise cardiac index, stroke index and exercise 
pacity were unchanged. Our data suggest that these patients 
operating on the plateau of the Frank-Starling (filling pres- 
ure/output) curve and that diuretics can be used safely in 
elected. Peine with hypertrophic cardiomyopathy. 


Richard. È Donnerstein; Wiliam A 
Lloyd ; 


755 


G. Blanchard, Pee Oppenheim, Timothy È. 
B. Donaghey, and Karen Wheeler i 


Miguel Zabalgoitia-Reyes, Cesar Herrera, Di 
Gandhi, David J. Mehiman, David D. McPhe! 
V. Talano 


764 ; 

ple be Left Ventricular Hypertrophy 
Electrocardiogram 

Thomas C. Hilton, Terry Greenwalt, Chalapathirao 

Gudipati, Anthony C. Pearson, and Thomas A: Buc 


Sanjeev Saksena and Isaac Gielchinsky, 


READERS’ COMMENTS 


771 

Misleading Subgroup Analyses in Gissi a 
Richard Peto A 
More Questions on Kussmaul’s Sign 

Henry Schneiderman 
Corrections 


INSTRUCTIONS TO AUTHORS on page 752 
CLASSIFIED ADVERTISING on pages A 





_ The physiological and psychological symptoms of substance abuse can mimic an 
astounding range of systemic disorders. a 
~ Even more frightening is the fact that illegal drugs can cause sudden death before 

any symptoms occur — regardless of the dose, blood levels, or route of administration. — 
Help your patients stop illegal drug use before it stops them. Ask about abuse as 
a routine part of your examination. 

For information, healthcare professionals may call the National Clearinghouse 

for Alcohol and Drug Abuse: 1-301-468-2600, Monday through Friday, 8:30 AM—_ 

4:30 PM EST. 


HELP STOP SUBSTANCE ABUSE. | 
_ ASK THE QUESTIONS. 
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6S1 
> Early Clinical Results of Long Coronary Arteriotomy, ihe 
- Endarterectomy and Reconstruction Combined with Multiple 
Bypass Grafting for Severe Coronary Artery Disease — 
-Rolf G. Sommerhaug, Steven F. Wolfe, Daniel A. Reid, and 
David E. Lindsey 





Over a 2.5-year period, we performed long coronary arteriotomy, endar 
`- terectomy and reconstruction (principally left anterior descending artery. 


_. and multiple bypass graft surgery (mean graft rate 9) in 130 of 329 (40% 


_ diffusely diseased patients to ensure complete myocardial revasculariza- 
_ tion. The operative mortality was 2.3% and the perioperative infarction 
~~ was 1.5%. Patency rates in randomly selected patients were 99% for 
conduits, 98% for anastomoses and 97% for conduits to endarterectomized 
and reconstructed arteries. Postoperatively at 20 months, 120 of the 121 


patients (99%) were in angina class I by Canadian Cardiovascular Society 


- classification, and 63 of 71 patients (89%) had a normal treadmill exercise 
stress test. Thus, early clinical results indicate that complete myocardial 

-revascularization by this aggressive surgical approach is effective in pa- 
tients with severe coronary artery disease. 
660 

-Long-Term Results of Successful and Failed Angioplasty for 
Chronic Total Coronary Arterial Occlusion 


Leo Finci, Bernhard Meier, Josiane Favre, Alberto Righetti, and 
Wilhelm Rutishauser 





The results after a mean period of 2 years of successful percutaneous - 
transluminal coronary angioplasty (PTCA) in 100 consecutive patients 
with chronic total coronary occlusion were compared with those in 100 
consecutive patients whose PTCA was unsuccessful. In the group with 
successful PTCA, there were significantly more symptom-free patients 
(57 vs 26), less patients with bypass surgery (7 vs 37), and results of stress 
testing were better. 


Continued on page 





- Because body chemistry 
_ differs from person to 
_ person, we often need 
_ achoice of drugs to 
_ treat the same illness. 


‘You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same. medication foreach, One 
patient responds to. the medi- 
cation while the other reports 
unpleasant side-effects, Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 


To maintain the high standards 


oS of quality care and because >. 


others on different people, it i 
esseritial to have this divers 
America’s research-based phar 
maceutical companies are Co 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public, 
Why? Because the public is 
made up of different peopl 
requiring different treatme 
even when they suffer from the 
same illness. 


VEREN W 





gency Percutaneous Transluminal nary A 
or Acute Myocardial Infarction in Patients 70 Years of A 
and Older He 
Tommy C. Lee, Louise A. Laramee, Barry D. Rutherford, David R = 
McConahay, Warren L. Johnson, Lee V. Giorgi, Robert W. Ligon, and | 
Geoffrey O. Hartzler 


Direct angioplasty was performed as the primary means of establishing . 
reperfusion during acute myocardial infarction in 105 elderly patients — 
(mean age 75 + 4 years) at a mean of 3.5 + 4.0 hours from symptom 


onset. Primary success was achieved in 91% of the infarct-related arteries, _ 


Global ejection fraction improved from 54 + 13% to 61 + 15% (p 
<0.001). The overall in-hospital mortality was 18%. No cerebral or gas- 
trointestinal hemorrhage occurred in this series. Direct angioplasty, when 
applied by experienced operators in a facility geared toward its application . 
as primary therapy, is an effective and safe method to salvage myocardi- _ 
um and improve mortality in this high-risk group. a 


668 
Circadian Distribution of the Characteristics of ischemic 
Episodes in Patients with Stable Coronary Artery Disease 
` Dirk Hausmann, Peter Nikutta, Hans-Joachim Trappe, Werner G. Daniel, 
Paul Wenzlaff, and Paul R. Lichtlen 





One hundred eleven patients with stable angina pectoris, positive exercise 
test results and angiographically proven coronary artery disease were 
studied. Ambulatory electrocardiographic monitoring revealed 101 symp- 
tomatic and 298 asymptomatic ischemic episodes. Number of ischemic 
episodes and cumulative duration of ischemia showed a significant circadi- > 
an variation, with the highest values between 8 and 10 A.M. and between 4 


and 5 P.M., associated with a similiar circadian variation of heart rate. . 


Mean duration of ischemic episodes, maximal amplitude of ST-segment 
depression and increase in heart rate before onset of ischemic episodes 
showed no significant circadian variation. Heart rate at the onset of: 


ischemic episodes and maximal heart rate during ischemic episodes were 
lower between midnight and 6 A.M. than curing other hours of the day. It 


is concluded that the circadian rhythm in ischemic activity is predomi- ` 
nantly based on a comparable variation in myocardial oxygen require- 
ments. 


673 
Long-Term Follow-Up of Postmyocardial Infarction Patients 
with Ventricular Tachycardia or Ventricular Fibrillation 
Treated with Amiodarone 

Boris Strasberg, Jairo Kusniec, Bruria Zlotikamien, Aviv Mager, and 
Samuel Sclarovsky 





Thirty-three patients with ventricular tachycardia (VT) or fibrillati 
(VF) secondary to a healed myocardial infarction were treated with lo 
dose amiodarone. Mean age was 69 + 9 years and mean left vent 
ejection fraction 29 + 8%. Thirty of the patients were men. Pred 
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mmni 


DynaCirc ire 
( isradipine) ‘ 
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- nonarrhythmic causes. Five patients had nonfatal recurrences i 
~ Toxicity was uncommon and there was noneed to discontinue the me 
tion. : 


679 ee 
Comparison of Nicorandil and Atenolol in Stable Angina 

` Pectoris 
Liam O. Hughes, Edward L. Rose, Avijit Lahiri, and Edward B. Raftery 


The efficacy of nicorandil (20 mg twice daily) was compared with atenolol _ 
(100 mg once daily) in 37 patients with chronic stable angina using a 
randomized, placebo-controlled, parallel study design. Treadmill exercise |- 
tests were performed at the end of each treatment phase immediately > 
before and 2 hours after the morning dose of medication. After 6 weeks of 
therapy, nicorandil and atenolol produced significant and comparable _ 
improvements in predose exercise time: +1.47 (0.40) minutes with nico- 
randil (p <0.005) and +1.33 (0.29) minutes with atenolol (p <0.001),. 
Whereas the predose peak exercise double product. was reduced with | 
atenolol (—43.6 units; p <0.001), an increase (+7.56 units; difference not. 
significant) was noted with nicorandil. Nicorandil and atenolol produce 
comparable improvement in exercise time in patients with stable angi 
This new agent may be beneficial in patients with angina in whom 
blockers are contraindicated, although headaches may be unacceptable in 
some patients. 


GBS erent 
Effects of Nitroglycerin at Therapeutic Doses on Platelet 
Aggregation in Unstable Angina Pectoris and Acute 
Myocardial Infarction 

Jean Diodati, Pierre Théroux, Jean-Gilles Latour, Lucie Lacoste, 

Jules Y.T. Lam, and David Waters 


Platelet aggregation was evaluated in 10 patients (5 with unstable angina, 

5 with acute myocardial infarction) before, during and after a 45-minute. 
infusion of nitroglycerin. The tests were performed at bedside on whole. 
blood using an impedance aggregometer. Nitroglycerin decreased platelet 

aggregation to adenosine diphosphate or to thrombin in all patients by 

>50%. This inhibition was rapidly reversible after discontinuation of the 

drug. 
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Significance of Dipyridamole-induced Transient Dilation of the 

-Left Ventricle During Thallium-201 Scintigraphy in Suspected 
Coronary Artery Disease 

-Pierre Chouraqui, Erwin A. Rodrigues, Danie! S. Berman, and 

‘Jamshid Maddahi 





: The occurrence and significance of transient dilation of the left 


- during dipyridamole stress-redistribution thallium-201 scintig 


= studied in 73. patients who underwent both: dipyridamole i 


` Continued on page A24 





he high level of excellence and practicality of 
THE AMERICAN JOURNAL OF MEDICINE is 
demonstrated by its standing as the most fre- 
quently referenced journal of internal medicine. 
is because all material is original, clinical, 
peer-reviewed and edited for readability. 
itv is unsurpassed—only one out of seven 
s submitted is ee for publication! 


tal nthe USA, cal i today toll- tee, 
)-327-9021. Or write AJM 
ulation Dept., P.O. Box 173306, 
ver, co 80217-3306. 


At this year's American Heart Association 
Scientific Sessions, the tradition continues... 


Was 5 ! The Sixth International Worksho 
pon 
University Thrombolysis and Interventional 
MEDICAL CENTER Therapy in Acute Myocardial Infarctior 


8am-5 m Sunda , _ Program Director : Co-Director: 
semiar 11. 1990 Allan M. Ross, MD Alan G. Wasserman, MD 
% ean i 





The Fairmont Hotel [] Myocardial reperfusion: State of the art 
The Regency Ballroom L Update on the clinical trials 
1717 N. Akard Street C New thrombolytic regimens 
Dallas, TX CJ Adjunctive therapies 
{1 Interventional approaches 
For five years, attendees of these workshops have-kept abreast of recent developments in the field of myocardial 


 feperfusion, and have gained valuable insights from experts on management strategies. The tradition will continue at th 
workshop, with updates on important new developments affecting interventional therapy in acute myocardial infarction. 


z Registration and:pre=- meeting breakfast: 7 am Sunday, November 11, 1990. 


- This program is accredited fo ategory | CME credit. For more information, contact: Office of Conti inuing. Medical 
Education, The George Washi on University Medical I Center, 2300 K Street NW, Washi ington, DC: 20037. 


ae Presented by The George Washington University Medi ical Center. 
Supported by an educavotal A grant from Genentech“, pne oeie 





nt in 15 patierits who were compared with 58 with a | normal ratio. 
Considering clinical, scintigraphic and angiographic variables, the forme 


> group had a significantly higher incidence of 3 critical (290%) coronary 
stenoses (33 vs 5%), higher prevalence of collaterals (67 vs 24%), more 
‘extensive myocardial reversible defects by planar (71 vs 10%) or by single- 
photon emission computed tomography imaging (87.5 vs 35%) and a. 


higher incidence of dipyridamole-induced anginal chest pain (53 vs 22%). . 
An abnormal transient dilation ratio was a specific marker of multivessel 
(87%) or 3-vessel (85%) critical coronary disease. Thus, left ventricular . 
transient dilation observed during dipyridamole thallium-201. scintigra- 


phy is a marker of extensive myocardial ischemia caused by underlying | 


extensive critical coronary stenoses. 


695 a ee 
Coronary Sinus Lysophosphatidyicholine Accumulation During 
Rapid Atrial Pacing 

Steven P. Sedlis, Jeffrey M. Sequeira, and Henry M. Altszuler 


We measured coronary sinus lysophosphatidylcholine (LPC) during pac- 

_ ing stress. Coronary sinus LPC concentration increased from 69.1 + 5.3 
uM at baseline to 101.7 + 9.0 uM at 4 minutes and to 178.0 + 18.0 uM ato 
peak pacing in 14 ischemic patients (p <0.01 ). In contrast, coronary sinus `: 
LPC did not increase significantly in 6 nonischemic patients and LPC did 
not increase in mixed venous or arterial blood from ischemic patients: 
thus, coronary sinus LPC accumulation may be an early marker of isch- 
emia in humans. 


na ee 
Clinical and Pathophysiologic Correlates of ST-T-Wave 
Abnormalities in Patients with Coronary Artery Disease 

David M. Mirvis, Faten El-Zeky, Roger Vander Zwaag, Kodangudi B. 
Ramanathan, James H. Crenshaw, Frank H. Kroetz, and Jay M. Sullivan 


Clinical, hemodynamic and coronary angiographic data from 9,801 pa- 
tients were evaluated to determine the correlates of ST-segment depres- 
sion on the routine electrocardiogram. ST depression was more prevalent 
in older male and nonwhite patients with hypertension or diabetes and who 
smoked cigarettes. Pathophysiologic variables associated with the ST-T 
abnormality included severe coronary disease, especially involving the left 
“anterior descending artery, and left ventricular contraction abnormalities. 
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Changes in Diameter of Coronary Narrowings and : 
Translesional Hemodynamics After Intracoronary Nitroglycerin 
Brian P. Kimball, Sanh Bui, and Nick Dafopoulos 


The effect of intracoronary nitroglycerin on coronary stenosis dimensions _ 
and translesional hemodynamics (pressure gradients) was evaluated using 
quantitative coronary arteriography and standard Newtonian fluid dy- — 
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erage minimum stenotic diameter increased, while relative per 
ter stenosis decreased after nitroglycerin, with the greatest changes i in the 
least severe narrowings. At baseline flow velocity, intracoronary nitrogly 
erin predicted a decrease in average transstenotic pressure gradient, al- 


though accelerated flow velocities may actually increase hemodynamic — : : 


obstruction, particularly in severe stenoses. The potential fortransmyocar- _ 
dial flow maldistribution and subendocardial ischemia exists after intra- 
coronary nitroglycerin. 
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710 ae 
Cycle-Length Response of Ventricular Tachycardia Associated | 
with Coronary Artery Disease to Procainamide and 
Amiodarone 

Paul T. Vaitkus, Alfred E. Buxton, Mark E. Josephson, and 
Francis E. Marchlinski 


_ Forty patients with inducible, sustained, monomorphic ventricular tachy- 

cardia (VT) at a drug-free baseline electrophysiologic study, after pro- 
cainamide infusion and during oral amiodarone therapy, were examined 
to determine if the cycle-length response of the VT was similar for both 
agents. We found a significant correlation between VT cycle length and 
percent change in cycle length from baseline for the 2 agents. However, 
only 60% of the patients had cycle lengths on the 2 agents that differed by 
<10%. Fewer than 20% of patients exhibited additional slowing on amio- 
darone as compared to procainamide. 


DE $ TEIE E Scie eee as 
Atrial Endocardial Mapping in the Rare Form of Atrial Flutter 
Francisco G. Cosio, Antonio Goicolea, Maria L6pez-Gil, Fernando Arribas, 
José Luis Barroso, and Ramiro Chicote 


Sequential endocardial right atrial mapping in 7 cases of “rare” atrial 
flutter (AF), inscribing positive deflections in lead II, revealed 2 types of 
circular activation. In 5 cases septal and posterior wall activation was 
craniocaudal and anterior and lateral wall activation was caudocranial 
(clockwise circuit). In 2 cases activation was identical to that typically 
recorded in common AF: craniocaudal in the anterior and lateral walls 
and caudocranial in the septal and posterior walls (counterclockwise). 
Left atrial activation seemed to play a passive role. The area closing the 
circuit was localized in the right atrial floor, between the inferior vena cava 
= and the tricuspid ring. An area of block was present between the lateral 
and posterior walls. Rotation sense does not explain the surface electrocar~ 
-diographic pattern by itself, but most cases of rare flutter, with positiv 
deflections in lead II, are associated with right atrial macroreentry, witha 
rotation sense opposite to that found in typical common flutter. | 
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To identify predictors of which patients are most likely to become. l 
-with the onset of atrial fibrillation (AF), we studied 87 consecutive pa- 
-o tients with new-onset AF who had Doppler echocardiograms recorded 
during that admission while in sinus rhythm. Reviewers classified 51 
(59%) as unstable because of the development of angina, congestive heart 
failure, hypotension or syncope. Doppler data on transmitral flow were.. 
analyzed by a single reviewer blinded tc other clinical data. Multiple 
logistic regression analysis identified 3 variables as independent predictors 
of clinical instability with the onset of AF: (1) history of prior myocardial 
infarction (p <0.02); (2) echocardiographic evidence of left ventricular 
dysfunction (p <0.03); and (3) Doppler evidence of increased atrial filling 
fraction (p <0.0001). The Doppler-derived atrial filling fraction isa 
powerful correlate of clinical response to new-onset AF. 


Fi i ee eee 
Day-to-Day Reproducibility of Antiarrhythmic Drug Trials 
Using Programmed Extrastimulus Techniques for Ventricular 
Tachyarrhythmias Associated with Coronary Artery Disease 
Peter J. Kudenchuk, Jack Kron, Charles G. Walance, Joel E. Cutler, 
Karen K. Griffith, and John H. McAnuity 





Forty-nine patients with coronary artery disease and documented clinical 
sustained ventricular tachycardia or fibrillation were tested twice during 
treatment with an identical antiarrhythmic medication at similar thera- 
~~ peutic plasma concentrations using an identical programmed electrical `, 
` stimulation protocol. Sustained ventricular tachyarrhythmias were in- 
duced in 71% of patients during drug testing. Overall, induced arrhyth- 
mias were not reproducible in 22% of patients, irrespective of testing at 
even nearly identical therapeutic concentrations of identical antiarrhyth- 
mic medications. This variability could not be attributed to the electro-. 
physiologic characteristics of the patients studied. Time-associated > = 
changes can mimic a change attributed to a beneficial or deleterious drug. a 
effect during programmed stimulation. ee 




















SYSTEMIC HYPERTENSION 


Je. 
_ Exaggerated Pressure Response to Exercise in Men at Risk for Ee 

Systemic Hypertension : 

‘Michael F. Wilson, Bong Hee Sung, Gwendolyn A. Pincomb, and 
< Wiliam R. Lovallo 





<- Cardiovascular responses to exercise in noriieitensive menwerecompared 
_ between those at high risk (positive parental history of hypertension and 
high normal blood pressures) and low risk (negative history and low 
mal blood pressures) for.future hypertension, During moderate am ae 
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Factors Influencing Progression of Mitral Regurgitation After 
Transarterial Balloon Valvuloplasty for Mitral Stenosis 

Manuel Sancho, Alfonso Medina, José Suárez de Lezo, Enrique 
Hernandez, Manuel Pan, Ignacio Coello, Miguel Romero, Francisco 
Meli4n, José Segura, Francisco Jiménez, Ricardo Vivancos, Eva 
Laraudogoitia, and Federico Vallés 





Factors affecting progression of mitral regurgitation (MR) after transar- `. 
terial mitral balloon valvuloplasty in 200 patients were analyzed. Three: 


patients had MR induced by a technical deficiency and they were exclud- 
ed from analysis. Progression, defined as an increase to 2 grade H inthe 
angiographic degree of MR, was present in 30 patients (15%). Progression 
of MR was associated with an older age, chronic atrial fibrillation, larger 


left atrial size and left ventricular volumes, baseline mild MR, more severe 
stenosis and a lower ejection fraction. The multivariate analysis selected 
the age, the left ventricular volumes and the ejection fraction as indepen- 

dent predictors of progression of MR. ; 
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Diagnostic Accuracy of Right Ventricuiography in 
Arrhythmogenic Right Ventricular Cardiomyopathy 
Luciano Daliento, Giulio Rizzoli, Gaetano Thiene, Andrea Nava, 
Marco Rinuncini, Raffaello Chioin, and Sergio Dalla Volta 


Diagnostic sensitivity and specificity of right and left cineventriculogram 
parameters were evaluated by multivariate logistic analysis in 32 patients 
with arrhythmogenic right ventricular (RV) cardiomyopathy, 27 with.. 
biventricular dilated cardiomyopathy, 28 with atrial septal defect and 18 
normal subjects. Analysis of variance of quantitative RV parameters 
showed that all values overlapped for the diagnosis of atrial septal defect 
and arrhythmogenic RV cardiomyopathy; overlapping extended to biven- 
tricular dilated cardiomyopathy for end-diastolic volume and infundibular 
dimensions. With regard to left ventricular parameters, a higher end- 
diastolic volume, and more severe impairment of the indexes of pumping 
and contractility significantly differentiated dilated cardiomyopathy from 
-arrhythmogenic RV cardiomyopathy. The feature with the highest diag- 
- nostic probability of arrhythmogenic RV cardiomyopathy was transvers- 
ally arranged hypertrophic trabeculae, separated by deep fissures; when _ 
this finding was associated with end-diastolic bulging of the infundibular _ 
- -anterior wall and subtricuspid area, the diagnostic sensitivity of cineal 


| -ography was 96% and specificity was 877%. 
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. Chan, ‘David M. Gilligan, Eng L. Ang, and Celia M. or ey 


Rest and exercise hemodynamic function after diuretic was aoi to a 
that after fluid loading in 13 patients with hypertrophic cardiomyopathy. 


Although ventricular filling pressures were significantly increased with = 
volume load and decreased with diuretic, exercise cardiac index, stroke 


index and exercise capacity were unchanged. Our data suggest that these _ 
patients are operating on the plateau of the Frank-Starling (filling pres- 
` sure/output) curve and that diuretics can be used safely in selected pa- 
tients with hypertrophic cardiomyopathy. 
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_ Within a 2.5-year period between 1985 and 1988, 
-Jong coronary arteriotomy, endarterectomy and re- 
construction (principally left anterior descending 
artery) and multiple bypass grafting (mean graft 
rate was 9) were performed in 130 of 329 patients 
(40%) with severe diffuse coronary artery disease 
to ensure complete myocardial revascularization. 
___ Ninety-two percent of the patients who underwent 
xercise testing had abnormal (>1 mm ST) depres- 
and/or positive results on scintigraphy. Long 
nary arteriotomy (Sto 12 cm), endarterectomy 


y and its branches, were performed in 121 pa- 
tients; of the left circumflex artery and its branches 
-in 13 patients; and of the right coronary artery and 
- its branches beyond the crux in 18 patients. Single 
endarterectomy and reconstruction was performed 
- fn 109 patients, double in 20 and triple in 1. The 
operative mortality was 2.3% and the perioperative 
Infarction was 1.5%. Twenty-four patients (among 
-o them 38% who had undergone >1 previous bypass 
operation) were randomly selected and studied 
__ within 20 days after surgery. This group comprised 
a total of 69 coronary conduits of which 68 (99%) 
were patent, and a total of 206 coronary anasto- 
moses of which 202 (98%) were patent. Thirty-tw 
_ ef 33 conduits (97%) to endarterectomized and ree. 
constructed arteries were patent. One hundred and 
twenty-six of 127 patients were followed up for a 
ean of 20 months; 120 of the 121 patients (99%) 
vere in angina class | by Canadian Cardiovascular 
_ Society classification, and 63 of 71 patients (89%) 
- had a normal treadmill exercise stress test. These 
. data indicate that complete myocardial revascular- 
- alion can be effectively accomplished by this ag- 
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-o "Early Clinical Results of Long Coronary 
-Arteriotomy, Endarterectomy and Reconstruction 
- Combined with Multiple Bypass Grafting for 
Severe Coronary Artery Disease 


Rolf G. Sommerhaug, MD, Steven F. Wolfe, MD, Daniel A. Reid, MD, 
and David E. Lindsey, MD 


tients (20%) required: either first or second repeat 
tions. Before surgery, the great majority 
had oui Cuarteto) angina ) t 
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gressive surgical approach in patients with severe. 
coronary artery disease with low mortality and _ 
morbidity; high patency rates of conduits and anas- 
tomoses can he achieved with excellent early clini- 
cal results on follow-up. 

(Am J Cardiol 1990;66:651-659 


lenged by patients with severe, diffusely dise: 

coronary arteries. In the Coronary Artery 
gery Study, approximately 5% of patients were said to 
have no graftable arteries. Complete myocardial revas- 
cularization of such patients would require an aggres 
sive, time-consuming surgical approach, which include 
long. coronary arteriotomy, coronary endarterectom 
and reconstruction, and multiple bypass grafting. Mod: 
ern myocardial protection using standard blood cardio- 
plegia and/or enriched blood cardioplegia enables sur- 
geons the time to perform this extensive operation. 
Thus, this study evaluates the efficacy and safety of 
such a surgical approach and analyzes early postopera- 
tive results by symptomatology, treadmill testing, angi- 
ography and other clinical parameters. 


METHODS 

Study population: AGE, SEX. AND RISK FACTORS (TABLE 
i; Within a 2.5-year period (October 1985 and April 
1988) 130 patients underwent long coronary. arteri 
otomy, endarterectomy and reconstruction combined 
with multiple bypass grafting using a combination: of 
saphenous vein and internal mammary artery condui 
Of these, 114 were men (88%) and 16 were women 
(12%) (mean age 64 years, range 35 to 84); 34 patients 
(26%) were >70 years old. With regard to risk facto 
24 patients (19%) had diabetes and 63 (49%) had his 
ry of 21 myocardial infarctions before surgery; 
tients had history of acute myocardial infarction 
2 weeks before the surgical procedure. Twenty-fi iV 


T oday’s cardiovascular surgeonsare fi voquetitly éh chal 













(12%) 
(26%) 


(19%) 
(87%) 





(56%) 
(36%) 
















o (cholesterol >200, triglycerides > 150) 38 (29%) 
Previous myocardial infarction 63 (49%) 
cute myocardial infarction <2 weeks 11 (9%) 
ior coronary bypass surgery 25 (19%) 
Medications 

< Antianginal medication 126 (97%) 
Calcium blockers 94 (72%) 
Beta blockers 56 (43%) 
Diuretics 36 (28%) 
Nitrates 38 (29%) 
Nitroglycerin 83 (64%) 
None 4 (3%) 
Electrocardiographic findings 

- Old myocardial infarction 58 (45%) 
‘ST changes 72 (55%) 
Left bundle branch block 6 (5%) 





















83 (64%) 
Cordiomegaly mild to moderate 37 (28%) 
i 10 (8%) 






































infarction; 93 patients (72%) were in the former cate- 
ry while 7 (S%) were in the latter. 

Angina classification and exercise testing: Based on 
“anadian Cardiovascular Society Angina classifica- 
tion,” 118 patients (91%) were in class III or IV, where- 
as only 12 were in class I or II. Thirty-seven patients 
(28%) had enlarged cardiac silhouette on chest x-ray 
(Table I). Sixty-two patients underwent preoperative 
treadmill stress testing: 57 (92%) had abnormal, 1 had 
equivocal and 2 had normal results, and 2 had ventricu- 
lar arrhythmias. Of the 57 patients with abnormal 
stress tests, 3 developed hypotension during the test. 
One hundred and twenty-six patients (97%) were taking 
antianginal medication and/or diuretics preoperatively. 
Only 4 patients (3%) were not taking cardiac medica- 
tions. 
- Hemodynamic and angiographic data (Table Il): 
Coronary angiography revealed severe diffuse disease in 
< most patients, with multiple hemodynamically signifi- 
cant lesions in both primary and secondary vessels. In 

contrast to simple 3-vessel coronary artery disease and 
3-vessel bypass, these patients required 4 to 5 coronary 
anastomoses to each primary system of vessels to ac- 
mplish adequate revascularization. In addition, many 
these patients had viable myocardium and total ath- 
osclerotic occlusion of the entire length of the pri- 
vessel without angiographically visible secondary 
ches. One hundred and eighteen (91%) had diffuse 
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volvement of 3 arteries and 41 patients (32%) had- 
deft main coronary artery disease. The mean _ 
€ as 8 patients once the plane is dev velo hasis is 








= narrowed i in diameter >50 ;: 
i 
il 
Wi 
Left maindisease >50% diameter narrowing 
Angiographic score based on Friesinger’s criteria 
10 
11 
12 
13 
14 
Pulmonary artery wedge pressure > 15mm: Hg (74) 
Ejection fraction (120) 
<0.50 and >0.41 
<0.40 and >0.20 
<0.20 
Cardiac index <2.0 liters /min /m? (59) 










































Left ventricular end-diastolic pressure. or pulmonary . 
capillary wedge pressure was obtained in 74 patients 





index was available in 59 patients, and was <2 liters/ 
min/m? in 6 patients (10%). Planographic ejection frac- 
tion was available in 120 patients; in 41 patients the _ 
ejection fraction was <50%. Eighteen of the 41 patients s 
had an ejection fraction <40%, and 2 had an ejection os 
fraction <20%. ae 
Surgical procedure: Under general anesthesia and 
careful hemodynamic and electrocardiographic moni- 
toring, a median sternotomy was performed and the; 
right atrium and ascending aorta were cannulated. _ 
With the patient on cardiopulmonary bypass, myocardi- 
al protection was accomplished using blood cardioplegia 
core cooling and topical cold saline solution maintaining — 
myocardial temperature at 15°C.*° Enriched blood car- 
dioplegia was used in patients with poor left ventricles ae 
and in those with acute infarction. foe 
Long coronary arteriotomy (5 to 12 cm), endarierec: : 
tomy and reconstruction were performed in 152 coro- _ 
nary systems. Multiple branch procedures in a coronary © 
artery was only counted as single system endarterecto- 
my. Endarterectomy and reconstruction of the left ante- 
rior descending (LAD) system (LAD proper, diagonal. 
and septal branches) were performed in 121 patients; 
of the circumflex system (circumflex proper and obtuse . 
marginal branches) in 13 patients; and of the right — 
coronary system (the right main coronary artery and- 
branches beyond the crux) in 18 patients. Single system. 
endarterectomy and reconstruction were performed in _ 
109 patients, double in 20 and triple in 1. In addition to _ 
coronary endarterectomy and reconstruction, multiple _ 
bypass grafting was performed with a mean graft | T 
of 9 (range 2 to 18). A combination of saphenous vel 
and internal mammary arteries were used as condui 
Our method of endarterectomy is. the exact dissec- _ 
tion and removal of the atherosclerotic plaque extending _ 
from the primary coronary vessel into the second: Q 
branches feeding the myocardium. These plugs co 
monly extend only ] to 2 cm and are easil 
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FIGURE 1A. Coronary angiogram (left) and schematic drawing (right) illustrating diffuse disease in distal half of left anterior 


descending (LAD) artery before first bypass operation in 1979. 


of Dr. Noel Mills’ instruments. The wide open mouth 
of secondary branches completes the endarterectomy 
phase. Reconstruction of the coronary artery consists of 
lengthwise closure of the arteriotomy with a venous 
graft. The graft is commonly tapered lengthwise to min- 
imize the ectasia effect. To decrease thrombogenicity 
and potential early graft failure, direct bypass to the 
mouth of secondary branches within the endarterecto- 
my bed using sequential graft technique rather than 
long venous anastomosis is a recent technical modifica- 
tion. When the endarterectomy only involves the proxi- 
mal half of the coronary artery, the artery was bypassed 
distally beyond termination of the plaque to prevent dis- 


section of the intimal flap. The aortic cross clamp time 
ranged from 58 to 304 minutes (mean 173). The cardio- 
pulmonary bypass time ranged from 95 to 366 minutes 
(mean 242). 

Follow-up clinical parameters: Operative mortality 
and morbidity were carefully examined in this series of 
patients. Perioperative myocardial infarction was deter- 
mined by electrocardiographic appearance of new Q 
waves or loss of anterior R waves in combination with 
elevated creatine kinase-MB enzymes. In addition, the 
postoperative use of pharmacologic (that is, inotropic 
agents) and mechanical (that is, intraaortic balloon 
counterpulsation) support was also reviewed. Clinical 
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FIGURE 1B. Coronary angiogram (left) and schematic drawing (right) showing progression of diffuse disease in distal half of 
left anterior descending (LAD) before second bypass operation in 1984. 
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FIGURE 1C. Preoperative coronary angiogram (left) and schematic drawing (right) depicting a threadlike remnant of the proxi- 
mal left anterior descending (LAD) distal to the second septal perforator. 


follow-up, including short- and long-term mortality, 
morbidity, exercise treadmill testing and angiography, 
was assessed. Furthermore, we compared our surgical 
results based on previous identified risk factors accord- 
ing to the methods of Brenowitz et aló (age >70 years, 
repeat operations, insulin-dependent diabetes, female 
gender, and severe left ventricular dysfunction—that is, 
ejection fraction 0.10 to 0.35). 





RESULTS 

Case illustration (Figure 1): This series included sev- 
eral patients who required repeat operation because of 
early graft failure after 21 prior bypass operation. Fig- 
ure | is a representative case of a 74-year-old man with 
class IV angina. 

Operative mortality and morbidity (Table Ill): There 
were 3 surgical deaths (2.3%) among the 130 patients. 


<= Old LAD Bypass Sites (1979 and 1984) 


— Distal LAD 


FIGURE 1D. Schematic drawing showing length and extent of proximal and distal left anterior descending (LAD) arteriotomies 


(dashed line). 
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FIGURE 1E. Photograph of the endar- 


artery 
tive coronary angiogram shown in Fig- 
ure 1F. 





—— Vein Graft 


Primary Closure 
Proximal Arteriotomy 


— Vein to Arteriotomy 
Anastomosis 


S = Septal Perforators (1-4) 





FIGURE 1F. Schematic drawing showing saphenous vein reconstruction of left anterior descending (LAD) artery after comple- 
tion of proximal and distal endarterectomy. 
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Two of the deaths were from cerebral vascular acci- 
dents, probably as a result of cerebral anoxia or emboli- 
zation, and the third patient died from myocardial fail- 
ure. Two other patients had perioperative myocardial 
infarction (1.5%) demonstrated by electrocardiographic 
changes and cardiac enzyme elevation. 

Based on identified risk factors in accordance to 
Brenowitz et al,° 30-day mortality in our study was 0% 
in patients with none of these risk factors, 3.4% with 1, 
and 5.5% with =2 risk factors (Table III). Other com- 
plications include 2 patients with minor cerebral vascu- 
lar accidents who recovered without residual neurologic 
deficit, and 2 with sternal dehiscence that required re- 
wiring of their sternum. In addition, the following minor 
complications were observed: 3 returned to the operat- 
ing room for control of bleeding, 5 developed pleuro- 
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pericarditis and all but 1 necessitated treatment with 
steroids, 2 had transient brachial plexus injury and re- 
covered, and 9 had minor infections of the venous donor 
site in the leg and were treated with antibiotics. 

Postoperative pharmacologic and mechanical sup- 
port: Seventeen patients (13%) were treated postopera- 
tively with dopamine for <12 hours, and 13 (10%) were 
given dopamine for 12 to 24 hours. Three patients re- 
quired dopamine for >24 hours in order to enhance car- 
diac output and improve renal perfusion. Only 3 pa- 
tients were on intraaortic balloon support for 1 to 3 days 
postoperatively, and only 3 patients required longer res- 
piratory support for >48 hours. 

Clinical follow-up: As of December 1988, 126 of the 
127 patients discharged from the hospital were available 
for clinical follow-up; only 1 patient was lost to follow- 


FIGURE 1G. Postoperative coronary an- 
giogram (4/20/87) (top) and schematic 
drawing (bottom). The coronary athero- 
sclerotic core was removed from the prox- 
imal and distal left anterior descending 
(LAD) artery, and a vein graft was con- 
nected to the proximal and distal patched 
arteriotomies. The left anterior descending 
coronary artery has now been recon- 
structed. 


Excluded Two Old 


2) <> LAD Bypass Sites 


Atherosclerotic Core removed in 
Proximal and Distal LAD 


Vein Conduit - connecting the 
Proximal and Distal patched Arteriotomies 


Nonobstructed Secondary Branches 
following Endarterectomy 


S=- Septal Perforators (1-4) 
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(1979 and 1984) 
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0/450%)—~—— 
2/58 34% 
1/18 (55%) 
3/121 (2.5%) 
NS = not significant. 


This represented. a clinical follow-up of 2,525 pa- 
t months. The mean follow-up was 20 months. Five 
ents died after hospital discharge between 4 and 30 
ths. Only 1 of these patients, who had a history of 
ventricular arrhythmias and was taking flecanide, died 
om probable cardiac arrest. The remaining causes of 
saths were noncardiac-related, which included cerebral 
vascular accident, peritonitis from a perforated colon, 
etastatic carcinoma to the brain (melanoma) and car- 
noma of the colon. Of the 126 patients. discharged, 
21 were alive for a survival rate of 96%. Of these 121 
tients, 120 (99%) were in angina class I by the Cana- 
~ dian Cardiovascular Society Classification, and the re- 
maining 1 (0.8%) was in angina class III (Figure 2). 
Early angiographic follow-up (Figure 3): Twenty- 
ur postoperative patients were studied angiographical- 
n 20 days after surgery. These patients were se- 
t random and underwent study after signing a 
ten consent. Nine of these patients (37%) were un- 
rgoing first or second repeat operations. Of 206 coro- 
ry anastomoses studied, 202 were patent for a paten- 
e of 98%; these anastomoses were from a total of 
duits of which 68 were patent for a patency rate 
%. Thirty-two of 33 conduits to endarterectomized 
and reconstructed vessels were patent for patency rate 
-of 97%. 
_ Seventeen of the 24 patients underwent preoperative 
_ and postoperative ventriculography for analytic compar- 
ison. The global ejection fraction at rest was calcu- 
lated by the planographic method in the right anterior 
ob! qie poign: When allowing for 5% technical vari- 


A. ANASTOMOSES 


PATENT 


B. CONDUITS 





FIGURE 2. Pre- and postoperative angina 
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ance, 8 had improvement by an average of 13%, 8 had 
no change and 1 was worse. In the latter case, a peri- 
operative apical infarction occurred probably as a result — 
of an embolus from an old left anterior descending — 
graft; all recently placed grafts and anastomosis were 
patent in this patient who was completely asymptomatic 

14 months after surgery. 

_ Late angiographic follow-up: Three postoperative 
patients underwent late repeat studies up to 36 months 
because of symptoms suggesting angina. The first 
tient’s endarterectomy site was patent and all 10 ana 
moses and grafts were also patent. The second patient 
had patency in 8 of 9 anastomoses; the only exception 
was an occlusion of the graft to the proximal left anter 
or descending endarterectomy site. The third had paten- 
cy in all 7 anastomoses and grafts. He developed a di 
creet 60% obstruction in the endarterectomized distal 


Tight coronary artery. in which balloon angioplasty w: 


performed. Thus, in the 3 patients who developed symp- 
toms, 25 of 26 grafts and anastomoses were patent; only 
1 graft closed. 


C. CONDUITS TO 
ENDARTERECTOMIZED 
ARTERIES 

3% 


PI 




















Srnec changes a abnormal thallium 
scintigraphy). In the 8 patients who had abnormal exer- 
cise test results, 4 were asymptomatic with less positive 
T-segment changes from their preoperative exercise 
ts, 1 had improved thallium scintigraphy and 1 had 
ST changes despite graft patency. Two patients had no 
: preoperative tests to compare. 

Ina subset of 29 patients in whom exercise testing 
is compared both before surgery and after coronary 
darterectomy, reconstruction and bypass grafting, re- 
sults of tests in 23 patients (79%) had converted from 
abnormal (>1 mm ST-segment depression) to normal, 
‘and another 6 (21%) had improvement (that is, less ST- 
segment depression) on repeat testing. Thus, all 29 pa- 
tients were asymptomatic and had improved or normal 
studies on repeat exercise testing. 


This study demonstrates that multiple bypass graft- 
ing and adjunct coronary endarterectomy and recon- 
ruction can yield excellent clinical results and can be 
formed with low perioperative myocardial infarction 
5%) and mortality rates (2.3%). These complication 
for coronary endarterectomy and reconstruction 
and multiple bypass grafting are comparable to the 

ortality and morbidity rates for conventional elective 
bypass grafting without coronary endarterectomy.’ Fur- 
more, these low complication rates were achieved in 
ents with severe diffuse coronary artery disease and 
promised left ventricular function. Moreover, ap- 
ximately 50% of surgical candidates had sustained a 
p rior myocardial infarction and about 20% were under- 
going repeat operations. 

The value of adjunct coronary endarterectomy and 
reconstruction is perhaps best exemplified by many pa- 
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perioperative infarction rate and 2.7% mortali 
perioperative infarction rate in larger series of pa 
undergoing endarterectomy and bypass grafting ; 
between 4.9 and 16% and mortality rates from.2.3 to- 
15%.”4 The improved statistics in our series are possi 
bly attributed to improved surgical technique and better _ 
myocardial protection. Blood cardioplegia affords excel- 
lent protection when administered carefully and with at- 
tention to detail4° Blood cardioplegia can be forti- 
fied with substrate if depletion of myocardial energy re- 
serve is suspected. Furthermore, coronary endarterecto- — 
my and reconstruction were generally done last, again 
to optimize myocardial protection by infusing the blood 
cardioplegia solution through the aortic arch and grafts 
as they are anastomosed. 

The importance of complete revascularization of the - 
ischemic myocardium in patients with coronary artery _ 
disease is emphasized in this study. It is well known that 
good clinical outcome, freedom from repeat operation, _ 
and survival are adversely affected by incomplete revas- _ 
cularization.'>~!9 In 1 report, which followed 500 surgi- oh 
cal patients for 10 to 12 years, the presence of disease in 
ungrafted arteries was the most significant predictor of _ 
late cardiac events, including cardiac related deaths, re~ 
currence of angina, myocardial infarction and repeat. 
surgery.'5 In contrast to other investigations,™!? 80% of 
coronary endarterectomy and reconstruction were per- 
formed in the left anterior descending artery and its 
branches. Excluding left main disease, proximal left an: 
terior descending occlusions (proximal to septal perfora- 
tors) have the highest risk for sudden death, and fre- 
quently can leave surviving patients functionally inca». ; 
pacitated. Because residual lesions in the left anterior: 
descending coronary artery after surgery is the most im- _ 
portant predictor of late cardiac death,'® revasculariza- 




















































FIGURE 4. Pre- and postoperative exer- 
cise treadmill test (ETT) and/or thallium 
scintigraphy (THAL) results of patients _ 
from this study population. i 


















ary a 

escending artery, is the fundamental goal ofe coronary 
bypass surgery. i 
Ina recent article by Brenowitz et al, it was demon- 
strated that patients with 22 risk factors had a signifi- 
cantly higher mortality (22.9%) when left coronary end- 
: arterectomy was performed. However, we found no sig- 
_ nificant increase in 30-day mortality in our patients 
< when comparing 0, 1 and 22 risk factors. Since endar- 
_ terectomy and reconstruction predisposes the artery to 
-increased thrombogenic and embolic risk, particularly 
before the neointima is formed, modification of our 
shnique of closure of the endarterectomy site, which 
_ excluded most of the raw surface area, has helped us 
` eliminate these potential problems. Furthermore, distal 
_ grafting improves patency by preventing dissection of 
_ the intimal flap. Indeed, the early patency rate for coro- 
- nary anastomoses (98%), conduits (99%) and conduits 
to endarterectomized and reconstructed arteries (97%) 
compares very favorably with early patency rates of 
: 83%" to 89%° in other reports. 
_. Perhaps the major limitation of this study is the lack 
of more long-term postoperative angiographic studies. 
We are currently making efforts to restudy as ‘Many 
“patients as we can, but it has been difficult primarily 
_ because of economic factors, and because nearly all 
9%). patients were asymptomatic in angina class I 

he Canadian Cardiovascular Society classification. 
owever, in the 3 patients who developed symptoms 
estive of angina and were subsequently studied an- 
phically up to 36 months, 25 of 26 grafts and 
astomoses were patent and only | graft closed. 
Among those postoperative patients who underwent 
ercise testing, 89% had a normal exercise test result. 
‘This ‘was comparable with our previous reported result 
(95%) after multiple coronary grafting for diffuse dis- 
_ease.!? A recent study reported 87% postoperative pa- 
_ tients were angina free at 1 year with a yearly decrease 
of 6%; at 48 months, 67% were angina free.® Other in- 
_vestigators had reported late occurrences of angina at 
9.1% per patient year, with 47% of patients free of angi- 
“na at 6 years.'? However, another series revealed that 
50% of patients were angina free at 5 years.! With re- 
gard to left ventricular function in this series, 94% of 
patients had improved or unchanged ejection fractions 
at rest. Again this was comparable to other published 
‘series (73 to 77%).'3!421 Segmental wall motion analy- 
sis with respect to endarterectomy site is currently being 
investigated. 
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The results over a mean period of 2 years of suc- 
percutaneous transluminal coronary angio- 
plasty (PTCA) in 100 consecutive patients with 
chronic total coronary occlusion were compared 
with those in 100 consecutive patients whose 
PTCA was unsuccessful. The groups were compa- 
rable in terms of gender, age and arteries attempt- 
ed. A control angiography in the group with suc- 
cessful PTCA was performed in 62 patients and 
showed a restenosis in 28 (45%). Repeat PTCA 
was performed in 21 versus 1 patient with failed 
PTCA (p <0.0001). At follow-up, in the group with 
‘successful PTCA, there were 57 symptom-free pa- 
tients versus 26 patients in the group with failed 
PTCA (p <0.0001). Coronary artery bypass sur- 
gery was performed in 7 versus 37 patients (p 
20.0001), and there were 5 versus 3 deaths (dif- 
ference not significant), respectively. In the group 
with successful PTCA, 27 of 82 patients (33%) 
had positive stress test results, compared with 49 
of 85 patients (58%) in the group with unsuccess- 
ful PTCA (p <0.001). The double product (beats/ 
min X mm Hg/100) in patients with successful 
-PTCA improved from 247 + 57 before PTCA to 
277 + 61 (p <0.001) at follow-up, whereas it did 
‘© not significantly change in patients with failed 
PTCA: The work load (W) in patients with success- 
ful PTCA improved from 95 + 34 before PTCA to 
124 + 40 at follow-up (p <0.001). In patients with 
failed PTCA, work load improved less significantly, 
from 98 + 37 before PTCA to 108 + 34 at follow- 
‘up (p <0.05), Thus, up to a mean of 2 years, pa- 
tients with successful coronary angioplasty of 
chronic total coronary occlusion appeared to fare 
__ better than those whose angioplasty was unsuc- 
oe (Am J Cardiol 1990;66:660--662) 
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chronic total coronary occlusion by percutane-_ 

ous transluminal coronary angioplasty (PTCA) 
has become an accepted procedure in selected pati 
with a viable pertinent myocardial area.'-* A whol 
mamentarium of new devices are being developed, fro: 
laser to different vascular drills. However, only limited. 
data are available to document a long-term benefit from _ 
the recanalization of chronic coronary occlusion. This | 
study. compares functional results in patients with suc- _ 
cessful PTCA of chronic total occlusion with those of o 
patients with a failed attempt. ae 


D espite a moderate success rate, recanalization of- 












METHODS l 
Patients: The study population was inpia of : 
consecutive patients undergoing PTCA for recanaliza- 
tion ef a chronic total coronary occlusion at our institu- 
tion {Table I). Patients with successful PTCA were. 
compared with patients with a failed attempt. Enroll- 
ment stopped in each group at 100 patients, Mean time 
of the occlusion was 3 + 5 months in the group with 
successful PTCA and 5 + 9 months in the group with — 
failed PTCA (difference not significant [NS]). These 
figures are based on 59 patients in the first and 61 pa- 
tients in the second group for whom the time of occlu- 
sion could be determined with sufficient reliability. . 
Erect bicycle stress tests or supine bicycle radionuclide 
stress tests were performed before and after PTCA and we 
at follow-up, as previously described. E 
Percutaneous transluminal coronary aigloplastyi 
Typical indications for PTCA were angina or positive’ 
results on stress testing, or both, with a suitable coro- 
nary anatomy for recanalization.6 Chronic total coro-_ 
nary occlusion was defined as interruption of the an- 
giographic vessel continuity without anterograde flow | 
(Thrombolysis in Myocardial Infarction Trial grade 0). . 
Successful recanalization was defined as an angiograph- — 
ic stenosis of <50% (estimated diameter reduction) af- 
ter PTCA. Multivessel PTCA was defined as angio- 
plasty of 22 vessels, with presence of a total occlusion - 
in 2&1 of the vessels involved. Primary success per pa- 
tient was considered to be present if all-of the following | 
criteria were met: (1) angiographic improvement (resid- _ 
ual stenosis <50%) of all lesions or at least the total 
chronic occlusion, (2) absence of cardiac complication — 
including myocardial infarction by electrocardiographic 
(Q wave) or enzymatic evidence (creatine kinase value _ 
>3 times normal) and need for emergency bypass 










test Perlormance, o or both. 


sing a steerable balloon caihieler gee to the mod- 
fied technique. for total occlusion. In 47 patients, the 
occluded vessel was not the only vessel attempted. In 
‘patients with total occlusion who underwent. successful 
_ PTCA, 23 had 1 and 1 had 2 additional vessels attempt- 
, with success in 21 additional vessel in 20 patients. 
n patients with failure regarding the total occlusion, 17 
ad 1 and 6 had 2 additional vessels attempted, with 
ccess in 21 additional vessel in 17 patients. Resteno- 
was defined as a luminal diameter narrowing of 
=50% at the site of successful PTCA on a control an- 
gram. 
Follow-up: All patients underwent follow-up exami- 
ion: The follow-up period was 24 + 14 months 
nge 6 to 54) and 21 + 13 months (range 1 to 41) in 
ients' ‘with successful and unsuccessful’ PTCA, re- 
spectively. A follow-up stress test was done in 82 and 85 
atients in the 2 groups, respectively. For the patients 
ho underwent bypass surgery, the stress test result be- 
_ fore operation was analyzed. For all other patients, the 
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Heart Rate x Blood Pressure 


Men 
Age (yrs) 
range 
PTCA 
l artery 
>1 artery 
Duration of occlusion (mo) 


Arteries 
LAD 
Right 
LC 
No significant differences for the 2 groups, 


LAD = left anterior descending. coronary artery: LC. = left circumflex coronary 
artery; PTCA = percutaneous transiurninal coronary angioplasty. 








latest available stress test result, even if they. underwe 
repeat PTCA, was analyzed. A follow-up angiogr 
was performed in 62 of 100 patients with successfu 
gioplasty at.14 + 7 months (range 6 to 26) after the 
PTCA. 

Statistics: Statistical analyses were performed using 
Student’s ¢ test for comparison of group means, and chi- 
square test for comparison of discrete variables. Valu 
are mean + standard deviation. 


RESULTS 

Cardiac events: Figure 1 shows the follow-up data 
of the groups. A control angiogram in 62 patients in the 
group with successful PTCA showed a restenosis i 
patients (45%). There were 2] additional PTCAs i in 
group compared with 1 in the group with unsuccessful 
PTCA (p <0.0001); 7 versus 37 patients had elective 
bypass surgery (p <0.0001), and there were 5 versus 
deaths (NS), respectively. a 








mean + SD 
r 








1 
350 | peO.0001 
ee 


{beats/min x mmHg/1 00) 





































































2 vers 16 patients were in Canadian 
scular Society class I (NS), 19 versus 36 in 
A (p= 0: 007), 5 versus 13 in class III (p = 0.05) 

nd 7 versus 9 in class IV (NS), respectively. 

Stress test: In the group with successful PTCA, 
ere were 27 patients (33%) with a positive stress test 
result, compared with. 49 patients (58%) in the group 
ith failed PTCA (p <0.001). The double product 
eats/min X mm Hg/100) in patients with successful 
PTCA improved from 247 + 57 before PTCA to 277 + 
61 at follow-up (p <0.001), whereas it did not improve 
significantly in patients with failed PTCA (227 + 56 
efore PTCA and 234 + 55 at follow-up) (Figure 2). 
he work load in patients with successful PTCA im- 
proved from 95 + 34 W before PTCA to 124 + 40 W 
follow-up (p <0.001). In patients with failed PTCA, 
lso improved, although less significantly, from 98 + 
W before PTCA to 108 + 34 W at follow-up (p 
<0. 05) (Figure 3). 





and patients who had a successful angioplasty may in- 
leed represent a lower risk patient group with an excel- 


X sty had not been performed. Nevertheless, the groups 
appear well matched (Table I). 
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“not ‘only i in angina class, but also in the results 







stress test. The incidence of major cardiac events was- 
not significantly different.in both groups. Bypass sur o 
gery was needed less frequently in the group with suc- 
cessful PTCA. However, they had a higher incidence of 
repeat PTCA. A patient with successful balloon recana- 
lization of a chronic total occlusion has almost a 60%. .. 
chance of being symptom-free at 2 years, a 20% chance > 
of requiring repeat PTCA, and only a 7% chance of 
undergoing bypass surgery; this is in contrast to a pa- 
tient with unsuccessful PTCA with only a 26% chance 
of being symptom-free and a 37% chance of needing: 
bypass surgery. Patients with failed PTCA not referred. 

for surgery continued to receive medical treatment, €x- 
plaining, in part, the 58% rate of patients with positive. 
stress test results at follow-up. 

Most patients had PTCA of chronic total occlusion 
in 1 vessel and the functional outcome.could clearly be . g 
linked to the result of PTCA. Successful PTCA of an =~ 
additional vessel was performed in 37 patients, and im- = 
provement in some of them may have been due to re- 
canalization of this additional vessel. However, these. 
patients were distributed almost equally among the 2. . 
groups (20 in the group with successful and 17 in the. 
group with failed recanalization). Thus, they can be ex- 
pected to exert a similar favorable influence on the 
functional result in both groups. 

The major problem after successful balloon recanali- 
zation of chronic total occlusion is restenosis.’ In our 
study, the restenosis rate was 45% in the two-thirds of. 
the patients with follow-up angiography. Whether new 
devices such as intracoronary stents or lasers will dimin- 
ish the restenosis rate remains to be seen. ee 

Ata mean of 2 years, there appears to be a function- 
al benefit for patients who undergo successful compared’ 
with unsuccessful coronary angioplasty of chronic total 
occlusion, justifying the indications in retrospect. 
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Direct percutaneous transluminal coronary angio- 
plasty (PTCA) was performed as the primary 
means of establishing reperfusion during acute 

_ myocardial infarction in 105 elderly patients (mean 
_ age + standard deviation 75 + 4 years) at a mean 
of 5.5 + 4.0 hours from symptom onset. Fifty-two 
patients (50%) had anterior infarctions, 70 (67%) 
- had significant narrowing in >1 vessel, and 12 

- (11%) were in cardiogenic shock. Primary success 
_ was achieved in 91% of the infarct-related arteries. 
- Four patients with failed PTCA underwent emer- 
gency bypass surgery; 10 had early symptomatic 

_ reocclusion of the dilated vessel. There was 1 death 
` acutely in the catheterization laboratory. The over- 
‘locates mortality was 18%. Three-vessel 





from 54 +13 to 61 + 15% (p <0.001). The 1-and 
_ 5-year survival rates, including in-hospital deaths, 
_ were 73 and 67%, respectively. It is concluded that 
-direct PTCA is an effective means of salvaging 
ischemic myocardium during acute myocardial in- 
farction in the elderly patient. It is associated with 
a high success rate and low complication rate. The 
short- and long-term survival in this high-risk 
-group of patients are improved compared with sur- 
: vival rates in historical controls. 
nes (Am J Cardiol 1990;66:663-667) 
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group during acute myocardial infarction (MI) 

with high morbidity and mortality.!-4 Trials u 
ing thrombolytic therapy generally exclude this group 
of patients because of a significantly higher incidenc 
of hemorrhagic complications.°6 Direct percutaneous 
transluminal coronary angioplasty (PTCA) without p 
or use of thrombolytic agents has been shown to be very 
effective in opening occluded vessels during acute MI. 
Furthermore, direct PTCA is not commonly associated 
with significant hemorrhagic complications while’ re- 
duced in-hospital mortality and improved left ventricu- 
lar function at discharge have been demonstrated.’ 
This report details our cumulative experience with di- 
rect PTCA for acute MI in 105 consecutive patients 
aged =70 years. 


METHODS 
Patient population: From November 1980 to March 
1989, all patients presenting with the clinical diagnosis 
of acute MI were taken to the cardiac catheterization 
laboratory for emergency coronary angiography and 
PTCA (n = 614). The diagnosis of acute MI was based 
on (1) chest pain consistent with ongoing myocardial 
ischemia persisting >30 minutes, (2) 21 mm ST-seg- — 
ment elevation in 22 contiguous leads on the admis- 
sion electrocardiogram, and (3) symptom duration of _ 
<6 hours. Patients with a “stuttering infarctional syn- 
drome” presenting >6 hours but $24 hours after pain: 
onset with ongoing pain, ST-segment elevation and 
preservation of electrocardiographic R. waves in the in- 
farct region were included. All patients fulfilling these 
criteria underwent direct PTCA as the only means of So 
acute reperfusion therapy. No thrombolytic agents were 
administered before the procedure. Patients presenting 
with systolic blood pressure.<80 mm Hg, with clinical 
signs of systemic hypoperfusion unresponsive to volume 
expansion, were classified as having cardiogenic shock. 
Percutaneous transluminal. coronary angioplasty 
protocol: An emergency cardiac catheterization team 
was on call 24 hours/day with the ability to commence: 
catheterization from 30 to 45 minutes of patient prese 
tation. In the emergency room, all patients were given 
10,000 units of heparin, 75 mg of lidocaine intravenou 
ly followed by a continuous infusion, and aspiri 
mg orally. In the laboratory, unless contraindicat 
f p 


T he elderly have long been established as a high-risk 
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infarct-Related Artery* Arteries Success 
Left anterior descending 54 
“Totally occluded 26 
Subtotally occluded 23 
-3 Both 49(91%) 
Left circumflex 11 
Totally occluded 7 
Subtotally occluded 3 
Both 10(91%) 
© Right coronary artery 39 
Totally occluded 21 
Subtotally occluded 15 
2 Both 36 (92%) 
All vessels 
Totally occluded 54 (90%) 
Subtotally occluded 41 (93%) 
Both 95 (91%) 
“One subtotal left main occlusion successfully dilated, See text. 


was given sublingually. After assessment of left ventric- 
ular function, a low molecular weight dextran infusion 
_ was begun at the discretion of the operator and an addi- 
tional 5,000 to 10,000 units of heparin administered. 

Vascular access was obtained through the femoral 
artery and left ventriculography was performed in a 30° 
ight anterior oblique projection. Angiography of the 
- noninfarct artery was performed first, followed by angi- 
ography of the infarct-related artery. PTCA was per- 
formed with an over-the-wire system. Successful PTCA 
was defined as dilation of the infarct vessel to <40% 
idual stenosis. After the acute procedure, heparin, 
lidocaine and ‘nitrates were continued for 248 hours. 
Aspirin, dipyridamole and a calcium antagonist were 
begun immediately after the procedure and con- 
tinued as discharge medications. Serial electrocardio- 
grams, total creatine kinase and isoenzymes were ob- 
_ tained in all patients. 
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FIGURE 1, Flow diagram of the hospital course ot patiente- 
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tients who survived to  Tospitat a Paired 
triculograms were available in 51 patients. A modi . 
fied Dodge area-length method was used to calculate — 
end-diastolic and end-systolic volumes. Computation of 
the ejection fractions was performed by a technician | 
blinded to the clinical circumstances of the procedure. _ 
Follow-up information available through November 1; 
1989, was obtained by questionnaire, telephone inter- 
view or office visit. 2 
Statistics: The numerical results are expressed as: 
mean values + standard deviation. Statistical analysis 
from group means and mean differences were per- 
formed by 2-tailed Student’s ¢ test. Stepwise logistic re- 
gression was used to evaluate the relation of selected 
clinical variables to in-hospital mortality. Survival data. 
are reported using the Kaplan-Meyer actuarial method. 


RESULTS 
During the study period, 105 patients =70 years of 
age (mean 75 + 4) with acute MI were referred for _ 
direct PTCA (Table I). Ten elderly patients with previ- 
ous bypass surgery reported in an earlier series were not 
included.” The mean duration of chest pain was 5.24 
3.5 hours; 56 patients (53%) presented. within 4 hours: 
from time of pain onset. Twelve patients were in cardio- ` 
genic shock, 4 of whom were receiving cardiopulmonary 
resuscitation on the way to the cardiac catheterization 
laboratory. 
Findings at catheterization and outcomes from per- 
cutaneous transluminal coronary angioplasty (Figure _ 
1): Multivessel disease as defined by a stenosis. of =70% 
in 22 major epicardial coronary arteries was present in < 
67% of the patients. The infarct-related artery was de- 
termined by electrocardiographic location and the angi-. 
ographic appearance of the suspected vessel (e.g., press 
ence of thrombus, subtotal occlusion with poor antero- 
grade flow, total occlusion). The overall success rate in 
dilating the infarct vessel to <40% residual stenosis was 
91% (Table II). The location and patency of the vessel. 


did not significantly alter the primary success rate. One. 


patient with a subtotal distal left main occlusion was 
referred for bypass surgery after successful PTCA. 
Hospital mortality and morbidity: Only 1 patient 
died during the acute procedure. The overall. hospital: 
mortality rate was 18%. Six of the 19 hospital deaths: 
(32%) occurred in patients who presented in cardiogenic 
shock. Multivariate analysis of the variables time, loca- - 
tion of infarction, gender, infarct-related artery, number 
of vessels diseased, success of direct PTCA and cardio- _ 
genic shock at presentation showed that 3-vessel disease 
and shock were the most predictive variables for in-hos- . 
pital mortality. oe 
No stroke or intracranial or gastrointestinal hemor - 
rhages occurred in this group of patients. Two. 








1 required surgical repair of the feme ral artery anc 















clusion of the infarct vessel was found in 10 of these 
atients, whereas the other 4 had a patent infarct-relat- 
ed vessel and no anatomic basis for ischemia. Six pa- 
-tients underwent successful repeat dilation, and 4 were 
sent for bypass surgery. 
Of 72 patients with a stable hospital course, 48 
_ (67%) consented to repeat coronary angiography. Silent 
- reocclusion of the infarct-related artery was found in 3 
patients, 14 had restenosis defined as luminal narrowing 
50%, and 32 had continued wide patency of the in- 
_ farct-related artery. During the. predischarge procedure, 
14 patients underwent successful PTCA of additional 
- noninfarct artery-related stenosis: The remaining 33 
patients who did not have repeat angiography before 
discharge were judged to be stable and free of ongoing 
hemia based on noninvasive testing and clinical as- 
A sessment (Figure 1). 
<o o Changes in ventricular function: Paired ventriculo- 
grams were available in 51 patients (48 pairs from pa- 
_ tients with a stable hospital course and a predischarge 
study and 3 pairs from patients who had chest pain in 
-the hospital and a patent infarct-related artery). The 
_ global ejection fraction improved from 54 +13 to 61 + 
i15% p <0.001). Regional wall motion improved signifi- 
cantly in the segments supplied by the infarct vessel in 
% of the patients. 
Long-term follow-up: The 1- and 5-year mortality 
tes, including in-hospital deaths for the entire group 
were 73 and 67%, respectively (Figure 2). However, the 
4jor contributor to this high rate was in-hospital mor- 
tality. Patients presenting initially in cardiogenic shock 
_ had an in-hospital mortality rate of 50%, but only 1 of 
- the 6 patients discharged alive died within the first 12 
months. Patients with 3-vessel coronary artery disease 
_ had an in-hospital mortality rate of 46%, but only 9% 
died during the first 6 months after. hospital discharge. 
Repeat PTCA was performed in 12 patients during 
the first 6 months after hospital discharge for restenosis 
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"FIGURE 2. Survival curve of the entire a | 
| group inchiding in-hospital deaths. n = the > 
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rdiographik changes occurred in 14 of the g TABLE IH Comparison of Olnical Characte! 
tients who had successful direct PTCA intially. ‘Reoc- > 









“Outcomes of Young and Elderly Patients 
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Age (mean yrs) 5649 754 
Men 332 (76%) 58 (55%) <0.001 
Infarction location ova 

Anterior 179 (41%) §2 (50%) AS 

inferior 259 (59%) 53 (50%) 0.13 
Diseased vessels : ; 

1 210(48%) 35 (33%) 

2 145 (33%) 46 (44%) 

3 83.19%) 24.(23%) 0.02 
Shock 235%) 12(11%) 0.15 
Primary success 414(95%) 95 (91%) OAB 
in-hospital death 23 (5%) 19 (18%) <0.001 
6-month survival 93% 77% re 
12-menth survival 92% 73% oy 
Urgent bypass surgery B(2%) 3(3%) 0.42 


Vascular complications 61%) 2(2%) 





and other significant stenoses not. dilated during the — 
acute hospitalization. Myocardial infarction occurred i in i: 
5 patients during this period. a 

Comparison with younger patients: These results : 
were compared to 438 patients aged <70 years without _ 
previous bypass surgery who were treated similarly dur- 
ing the same time period (Table II). The most striking 
differences between the 2 groups were that the older 
patient was more likely to present in cardiogenic shock 
and have multivessel coronary artery disease. The in- 
hospital and 6-month mortality rates were 3 times high- 
er for the elderly. There was no difference in the techni- 
cal success rate of direct PTCA, nor was there a higher 
incidence of vascular complications. 


DISCUSSION 

Advanced age. is a powerful predictor of morality 
during acute MI, with reported in-hospital mortality — 
rates ranging from 20 to 33%.'-} Because thrombolytic 
agents cause an especially high incidence of hemorrhag- 
ic complications in this group, the elderly have usually — 








Ba 86 
o Months > 








rthermore, ae evelopment of more clot cie 
and potent thrombolytic agents, the reperfusion rate us- 
ing these agents alone plateau at 75%.!2 
Technical success of direct percutaneous translu- 
_ minal coronary angioplasty: We have shown that direct 
_ PTCA may be performed safely and with a high pri- 
mary success rate in the elderly (91%). This reperfusion 
rate is comparable to our previously published overall 
experience with direct PTCA (94%) and other reports 
using direct PTCA as the primary method of reperfu- 
sion in acute MI.’~?3 In a series of 35 elderly patients 
described by Holland et al,'4 the primary success rate 
_ was 74% with a correspondingly higher hospital mortal- 
ity. We attribute our higher success rate to operator ex- 
perience (each operator has performed more than 500 
elective PTCAs) and the laboratory support staff, which 
is well trained for this procedure (more than 14,000 
elective PTCAs and 1,000 direct infarct PTCAs have 
been performed by the laboratory overall). 
¿o0 Vascular and bleeding complications: Bleeding 
_ complications have been a major cause of hospital mor- 
_ bidity related to acute interventions, especially when 
preceded by thrombolytic agents. The incidence of ma- 
jor bleeding complications, including intracranial hem- 
orrhage and need for transfusion, is especially high in 
the elderly.” 56 Significant bleeding from vascular access 
sites is enhanced by catheterization and PTCA soon af- 
administration of thrombolytic therapy.!5-!8 Hepa- 
rin and aspirin have been routinely used with direct 
PTCA i in several series and the incidence of hemorrhage 
is low. The 2% incidence of vascular complications re- 
sulting from intervention in this group of elderly pa- 
_ tients is comparable to lower risk groups previously re- 
-ported.79.!3 
Recurrent ischemic symptoms: Although successful 
¿direct PTCA results in a widely patent infarct-related 
artery, the early reocclusion rate is relatively high: 11% 
‘inthis series, when compared with elective PTCA, 
< <5%.'° Nevertheless, the 10% early reocclusion rate is 
relatively low when compared with the 15 to 25% early 
reocclusion rate when thrombolytic therapy is given 
-alone.?°#! In most cases reocclusion can be successfully 
redilated and patency maintained with judicious use of 


eparin. 

Myocardial salvage: As in many other series using 
- direct PTCA for acute MI intervention, we have ob- 
served improvement in ejection fraction and regional 
wall motion in our patients.’? In part, this consistent 
improvement i in ejection fraction may be attributable to 
the rarity of hemorrhagic infarction in patients treated 
with PTCA alone. In a postmortem series, Waller et 
al? observed hemorrhagic infarction in all 14 patients 
when thrombolytic therapy was used, whereas no myo- 
cardial hemorrhage was seen in patients treated with 
PICA alone (5 of 5 patients). Mathey et al? reported a 
case of a patient with anterior and inferior infarctions 


separated by time, | treated with thrombolytic therapy 
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; may be s compared with results from recent t thrombo 








further impair ventricular function: 2 a the clin- 


icopathologic correlation of myocardial hemorrhage and 
ejection fraction must be further studied, these patho- _ 
logic reports give a reasonable anatomic: basis: for re- 
peated studies showing measurable myocardial salvage ue 


with direct PTCA. 


Mortality: Historically, the in-hospital mortality rate: : 
for the elderly ranges from 20 to 33%.'? Our overall — 


mortality rate of 18% included 12 patients in cardiogen- 
ic shock. Because of the accessibility of the catheteriza- 


tion laboratory to patients in the emergency room. with — 


evolving acute MI, patients who might otherwise die. de- 
spite resuscitative efforts in the emergency room were — 


included. Indeed, 3 of the 4 patients receiving cardiopul- — 


monary resuscitation on the way to the catheterization — 
laboratory died. The 18% mortality rate in our patients | 


is equivalent to the 18% mortality rate in the treatment _ 
group (aspirin and streptokinase) of elderly patients re- 


ported by the International Study of Infarct Survival-2'. 


investigators. The mortality rate of elderly patients ree : 


ceiving a placebo was 24% in this large series.!! 


The investigators of the Western Washington strep- : 
tokinase trial were the first to link vessel patency to 


long-term survival after acute MI.” Patients with larger © 
infarct territories, as in anterior infarctions, benefit the 


greatest from a patent infarct vessel. We interpret the 
relatively low 1-year mortality of 27% in the study 
group to the high primary success rate of direct PTCA. 
For instance, the Italian Group for the Study of Strep- 


tokinase in Myocardial Infarction investigators reported - 
1-year mortality rates of 43 to 46% in their elderly con- 


trol group.*© Since the elderly are already a high-risk 


group, they have the most to gain from infarct interven- 
tion. Hence, the large difference in long-term survival `, 
between the study group and historical controls is not 


surprising. 


Restenosis: The in-hospital restenosis rate was 29% i 


in patients who had predischarge angiography. Because 


patients with markedly positive exerċise test results 


were more likely to undergo a repeat study, this resteno- 


sis rate is probably an overestimate of its true incidence. 
This rate is similar to the 31% incidence reported by 
Rothbaum et al.’ All restenoses were successfully redi- 
lated. 

Among the 48 patients who underwent elective pre- 
discharge angiography, 3 patients had silent reocclusion 


of the infarct vessel. Analysis of patient demographics, _ 
infarct vessel, infarct location, hospital mortality, and. 
long-term mortality and morbidity between. the patients 
who underwent predischarge angiography and those 
who did not, failed to reveal any differences between the a 


groups. 


Limitations: This report summarizes the consecutive _ 


experience in a large group of elderly patients treated _ 


with direct PTCA for acute MI. Although these results 














more, since predischarge studies were available in 
7% of patients with a stable hospital course, the 
restenosis and silent reocclusion rates can only be esti- 
_ mates of the true incidence of these events. 

_ Clinical implications: Although the elderly with 
acute MI are a high-risk group, the technical success 
rates for direct PTCA are comparable to that experi- 
enced in younger patients. Improvement in left ventricu- 
function can be demonstrated and mortality is 
significantly improved when compared with untreated 
_ elderly patients in recent thrombolytic trials and histori- 
: cal controls. Furthermore, only 2 of 105 patients had 
- “significant vascular complications resulting from direct 
<: PTCA and there were no strokes. Direct PTCA, when 
- applied by experienced operators in a facility geared 
__ toward its application as primary therapy, is an effective 
and safe method to salvage myocardium and improve 
“mortality in this high-risk group. 
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- To determine the circadian distribution of episodes 
of myocardial ischemia, studies were performed in 
- 111 patients with chronic stable angina pectoris, 
positive exercise test results and angiographically 
proven coronary artery disease. During 24 hours of 
ambulatory electrocardiographic monitoring, 101 
_ symptomatic and 298 asymptomatic ischemic epi- 
sodes (ST-segment depression >1 mm, duration >1 
minute) were observed. The number of ischemic 
episodes and the cumulative duration of ischemia 
_ showed a circadian variation with the highest val- 
ues between 8 and 10 A.M. and between 4 and 5 
P.M. associated with a similar circadian variation of 
heart rate. Mean duration of ischemic episodes, 
maximal amplitude of ST-segment depression dur- 
ing ischemic episodes and increase in heart rate be- 
the onset of ischemic episodes showed no sig- 
ant circadian variation, Heart rate at the onset 
ischemic episodes and maximal heart rate during 
emic episodes were lower between midnight 
nd A.M. than during other times of the day. 
: = The morning and afternoon increase in ischemic 
_ activity is not paralleled by changes reflecting a de- 
_ crease in myocardial oxygen supply during these 
- periods (heart rate at onset of ischemia, heart rate 
increase hefore onset of ischemia), but is paralleled 
by a similiar circadian variation of heart rate. The 
circadian variation in ischemic activity is predomi- 
nantly based on a comparable variation in myocar- 
ea oxygen requirements. 
a (Am J Cardiol 1990;66:668-672) 
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„ease show a characteristic circadian rhythm: 

Acute myocardial infarction,! sudden cardiac 
death,’ and ventricular arrhythmias*° occur more fre- 
quently between 6 and 12 a.m. than during other hours 
of the day. Ambulatory monitoring of electrocardio- 
graphic ST-segment changes has revealed a similar cire 
cadian variation in patients with stable angina. The . 
highest incidence of ischemic episodes was observed — 
during the morning hours between 6 and 12 a.m7"!0.. 
This morning increase in ischemic activity is discussed _ 
as one possible explanation for the circadian distribution 
of the clinical events. However, the diurnal variation of © 
other important characteristics of the ischemic episodes, 
such as duration and amplitude of ST-segment changes, 
heart rate changes before and during ischemia, has not - 
been determined previously.’-!° Therefore, we examined 
the circadian variation of several characteristics of isch- 
emic-episodes in patients with stable angina, positive re- 
sults on exercise testing, and angiographically proven 
coronary artery disease. 


METHODS 
Patients: One hundred eleven patients (97 men and 
14 women, mean age + standard deviation 57 +.9 years: 
[range 32 to 81]) were included in this prospective 
study, The following selection criteria were fulfilled: (1); ` 
chronic stable angina pectoris for >3 months, (2) maxis 
mal exercise stress testing (according to age and gen- 
der) with >1 mm horizontal or downsloping ST-seg- 
ment depression, (3) angiographic evidence of >70% 
stenosis in 21 major coronary artery or >50% stenosis 
of the left main coronary artery, (4) normal ST-seg- 
ments. in the standard electrocardiogram at rest and 
during postural changes, and (5) >1 ischemic episode 
duriag ambulatory monitoring over 24 hours. Patients 
receiving digitalis or antiarrhythmic drug therapy and. 
patients with left ventricular hypertrophy, cardiomy- 
opathy, rheumatic valve disease, aortocoronary bypass 
grafts, prior coronary angioplasty or conduction abnor-:. 
malities on the electrocardiogram were excluded from 
this study. ae 
Cardiac catheterization: Al! patients tinderwent e 
right- and left-sided cardiac catheterization with coro- - 
nary and left ventricular angiography. The degree of _ 
coronary artery stenosis was estimated from several _ 
standard and half-axial projections. Stenoses with 
duction of >70% of the luminal diameter (or of 509 
stenoses of the left main | coronary ee e cons 
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analysis). By th this on 


eA significant stenosis of the left main coronary 
ry was present in 9 patients. 
Ambulatory electrocardiographic monitoring: Am- 
tory monitoring of the electrocardiogram was per- 
ed using a 2-channel, direct-recording system 
racker,” Reynolds Medical). The bipolar electrodes 
ere localized at the upper right sternal border and pre- 
rdially in the CM; and CMs position. The site of the 
ectrodes was occasionally modified in order to simu- 
 jate the lead with the strongest ST-segment deviation 
- during the exercise test. Stability of the ST-segment 
was confirmed with the patient in a supine, upright, left 
“and right lateral position. The tapes were analyzed visu- 
ally and computerized at 60 times real speed using the 
“Pathfinder III” (Reynolds Medical). Episodes were 
classified as “ischemic” in the presence of >1 mm ST- 
segment deviation 80 ms after the J point, lasting for 60 
“seconds and separated by 60 seconds from another isch- 
emic episode. During ambulatory monitoring the pa- 
tients were not restricted in their physical activities and 
=: -were asked to write a protocol concerning their anginal 
symptoms. The patients received no antiischemic thera- 
py except for short-acting nitroglycerin during anginal 
attacks. Ten of the 111 patients had been treated by 6 
-> blockers before; this therapy has been discontinued 23 
days before the recording period. 
~The mean, maximal and minimal heart rates were 
measured for each hour interval for each individual pa- 
tient. For the ischemic episodes the following parame- 
ters were determined: (1) time of onset of ischemia (at 
the beginning of 1 mm ST-segment deviation), (2) du- 
“gation of the ischemic episode, (3) maximal heart rate 
». during the episode, (4) maximal amplitude of ST-seg- 
ment changes, (5) heart rate at the onset of ischemia (at 
the beginning of 1 mm ST-segment deviation), and (6) 
increase in heart rate during the last 5 minutes before 
>. the onset of ST-segment depression. 
; Statistics: The individual values of mean, maximal 
and minimal heart rates during each hour of the day 
. were averaged; thus, these heart rates for each hour 
--were-determined for the whole study group. The total 
number. and cumulative duration of ischemic episodes 
were determined for each hour of the day. The charac- 
- teristics of the ischemic episodes were expressed as 
mean values for each hour interval of the day. 
: The periodic pattern of the occurrence of ischemic 
_ episodes was computed by a multiple logistic regression 
model (MLR = maximum likelihood method). The di- 
urnal distribution of the characteristics of the ischemic 
episodes and of heart rate was tested by a multiple lin- 
ear regression model. In both models the regression 
equation was fitted using linear combinations of cyclic 
functions (sin(nx), cos(nx), with n = 1...4, and 0 <x 
< © <2). Model goodness of fit was evaluated by chi-square 
statistics for the multiple linear regression and a p value 
< <0.05 was considered significant.!! For the logistic re- 
gression the goodness of fit chi-square was used to test 
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8 patients had 1-, 34 had 2- and 30 had 3-vessel 


that the model fits adequately; a low p value means that piso 






tory monitoring of the electrocardiogram revealed 399 
ischemic episodes with ST-segment depression; transient _ 
ST-segment elevation was not observed. There were 101 
(25%) symptomatic and 298 (75%) asymptomatic isch- 
emic episodes. The circadian distribution of the number- 
of ischemic episodes is shown in Figure 1. The incidence 
of ischemic episodes was highest during the morning 
hours between 8 and 10:A.m; in addition, another small- 
er peak was observed during the afternoon between 4. 
and 5 p.m. During evening and night, the frequency- of- 
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parameter showed a circadian distribution 
le to the number of ischemic episodes, with a 
xak in the morning and another smaller peak in 
fternoon (Figure 1). The periodic pattern of the 
urrence of an ischemic episode was computed by a 
ltiple logistic regression model; in Figure 1, the prob- 
bility of the occurrence of an ischemic episode during 
me intervals of 5 minutes is listed (goodness of fit = 














). 
Circadian distribution of the characteristics of isch- 
ic episodes (duration and amplitude of ST-segment 
ression, heart rate before and during ischemic epi- 
is) (Figures 2 and 3): The mean duration of the 
chemic episodes was 11 + 12 minutes (median 7 min- 
tes). The circadian distribution of this parameter is 
hown in Figure 2. The mean duration of the episodes 
showed a wide scatter during different hours of the day. 
The maximal amplitude of ST-segment depression dur- 
ing ischemic episodes averaged 2.1 + 0.8 mm with a 
‘median of 2.0 mm; this parameter also varied randomly 
throughout the day (Figure 2). Duration of ischemic 
episodes and maximal amplitude of ST-segment depres- 
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“Heart 1 rate e before and during the ischemic episodes . 
is shown in Figure 3. The increase in heart rate before 
onset of ischemia was 13 + °13 beats/min ec | 1 i 








“HEART RATE INCREASE BEFORE ONSET OF soe | — 









































FIGURE 3. Circadian distribution of characteristics of isch- 
emic episodes. Top, increase in heart rate before onset of 
ischemic episodes; middle, heart rate at onset of ST-depres- 
sion; bottom, maximal heart rate during ischemic episodes. oe 
Values are expressed as mean + 1 standard deviation. Multi- 
ple regression analysis (wavy line) revealed a significant circa- - : 
dian variation for heart rate at the onset of ischemic episodes ae 
and for maximal heart rate during ischemic episodes ip 
<0.001). Heart rate increase before onset of ischemic epi- 
en ee 



















nin). This parameter alo var 
urs, but showed no significant circadian rhythm. 
‘Heart rate at the onset of ischemic episodes was 99 + 
17 beats/min (median 100 beats/min); in episodes oc- 
_ curring between midnight and 6 a.m. this parameter was 
_ lower compared with the episodes during the remaining 
hours of the day. The maximal heart rate during isch- 
emic episodes averaged 111 + 21 beats/min (median 
115: beats/min) (Figure 3). This parameter was also 
lower for episodes occurring between midnight and 6 
AM. Heart rate at the onset of ischemic episodes and 
maximal heart rate during ischemic episodes showed a 
significant circadian variation (p <0.001) determined 
` by a multiple linear regression model. 
-Circadian distribution of heart rate (Figure 4): 
Maximal, mean and minimal values of heart rate were 
determined for every hour of the day for each patient. 
‘The circadian distribution of these parameters is shown 
‘in Figure 4. Heart rates increased between 8 and 10 
DAM. and had another peak between 4 and 5 p.m. In con- 
trast, the heart rate decreased after 8 r.m. and had low- 
est values between midnight and 5 a.m. Multiple linear 
regression analysis revealed a distinct circadian rhythm 
for these parameters (p <0.001). The diurnal pattern of 
heart.rate was comparable to the circadian variation of 
the number and cumulative duration of the ischemic 
„episodes as described elsewhere in this manuscript. 


DISCUSSION 
The increased incidence of acute myocardial infarc- 
- tion,!!? sudden cardiac death? and ventricular arrhyth- 
_ mias*¢ in the morning hours indicates that this period 
-of the day is a fragile phase in patients with coronary 
artery disease. Comparable circadian distributions are 
-known for plasma levels of catecholamines!? and corti- 
sol,'4 for arterial blood pressure,'> heart rate! and 
platelet aggregability,'’:'® and for fibrinolytic activity,!° 
explaining in part the increased incidence of cardiac 
events. during the morning hours. The increase in isch- 
emic activity during the morning hours has been dis- 
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: FIGURE 4. Circadian variation of heart. 
: rate. Values for maximal, mean and mini- 
mal heart rates. Multiple analy- 


regression 
: sis (wavy lines) revealed a significant cir- 
cadian rhythm for these parameters (p 
<0.001). 
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rhythm of these clinical events.’ Nevertheless, 
studies have only analyzed the diurnal distri 
the number of ischemic episodes and the cumulati 
ration of ischemia during ambulatory monitoring.” 10 
The objective of the present study was to determine 
the circadian distribution of other characteristics o 
ischemic episodes. Our study confirmed that ischemi 
episodes occur more frequently in the morning and i 
the afternoon hours compared with other periods ofthe 
day. A similar diurnal variation was observed for heart | 
rate measured continuously in all patients. Mean dura: 
tion of the ischemic episodes, maximal amplitude of S1 
depression and increase in heart rate before ischemi 
episodes showed no significant circadian variation; hear 
rate at the onset of ischemic episodes and maxima 
heart rate during ischemic episodes were lower betwee 
midnight and 6 a.m. compared with the remaining hours 
of the day. 
If changes in myocardial oxygen supply during dif- 
ferent times of the day were the cause for the circadian _ 
variation of ischemic activity, this would be reflected by 
changes in the threshold for the ischemic episodes..In 
this case, heart rate at the onset of ischemic episodes - 
and the heart rate increase before ischemia would be 
lower during the morning and the afternoon hours com-" 
pared with other hours of the day. Our study showed 
that these parameters were not lower during the morn- 
ing and afternoon hours. In contrast, heart rate at onse 
of ischemia was higher during the periods with an in- 
creased ischemic activity, indicating an even higher 
ischemic threshold. These findings show that increased 
ischemic activity must primarily be based on paralle 
changes in myocardial oxygen demand during the 
morning as well as during the late afternoon. 
Although ischemic activity in patients with stable ae 
angina pectoris is known to be highest during the active — 
hours of the day,™!° the primary reduction in myos  _ 
cardial oxygen supply. in Prinzmetal’s variant angina. 
causes an inverse diurnal distribution.5° In patients 





CIRCADIAN VARIATION IN HEART RATE 







































ansmural ischemia predominantly occurs dur- 
ing the night.?! This different pattern in ischemic activi- 
ty also supports the finding that the morning increase in 
ischemic activity in stable angina pectoris is predomi- 
nantly. based on changes of myocardial oxygen require- 
ments. 
Recently, a close coupling between the circadian 
-variation in heart rate and ambulatory ischemia has 
been described by Lambert et al.?? This coupling was 
_ greatly altered by -adrenergic blockade. Other thera- 
peutic interventions with 8-blocking agents have also 
shown that the morning peak in ischemic activity can 
effectively be reduced by decreasing myocardial de- 
_ mand.?2324 Improvement in myocardial supply by calci- 
~um.channel blockers also reduces number and duration 
of ischemic episodes. However, it does not significantly 
- change the morning increase in ischemic activity.’ 
These observations confirm that changes in myocardial 
_ oxygen demand and supply contribute to the occurrence 
_of ischemic episodes during daily life. Nevertheless, the 
different effects of these drugs on the circadian varia- 
tion of myocardial ischemia also confirms that changes 
in myocardial oxygen requirements are more important 
¿for the morning increase in ischemic activity. 
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| Lons Teni Follow-Up of Postmyocardial 
-Infarction Patients with Ventricular _ 
Tachycardia or Ventricular Fibrillation 
Treated with Amiodarone 


Boris Strasberg, MD, Jairo Kusniec, MD, Bruria Zlotikamien, MD, Aviv Mager, MD, 
and Samuel Sclarovsky, MD 





_ Amiodarone in a low dose (200 mg/day) was ad- 

ministered alone or in combination with other type | 
__ antiarrhythmic drugs as a first-line agent in 33 pa- 
tients with ventricular tachycardia (VT) (n = 24) or 
: ventricular fibrillation (VF) (n = 9) secondary to 
- coronary artery disease with healed myocardial in- 
-. farction. There were 30 men and 3 women (mean 
age 69 + 9 years). Left ventricular ejection fraction 
ranged from 16 to 45% (mean 29 + 8). Therapy 
was guided by the results of electrophysiologic. 
studies without the use of a control study (without 

: drugs). Predischarge electrophysiologic studies re- 
__vealed inducible sustained VT in 8 patients (24%), 
nonsustained VT in 7 and noninducible VT in 18 
ents. Mean follow-up time was 27 + 7 months. 

Eleven patients (33%) died, 5 suddenly (15%) and 

_ 6 from nonarrhythmic causes. Five patients (15%) 
_ had nonfatal recurrences of VT. Life-table analysis 
_ showed that arrhythmic recurrences or fatalities 

_ (VT or sudden death) were related to the results of 
_ the predischarge electrophysiologic studies and not 
to the baseline arrhythmia (VT or VF). ‘Toxicity 

_ from amiodarone was uncommon and no patient 

7; discontinued taking the drug. 
(Am J Cardiol 1990;66:673-678) 





From the Coronary Care Unit, Beilinson Medical Center, Petah Tiqva 
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co _ drugs) was performed. The study consisted of the i 
- duction. of single l 







































has been considered an effective therapeutic. 

agent for the treatment of ventricular tachyar- 
rhythmias. It has previously been used for patients with . 
“drug resistant” ventricular tachycardia (VT) or ven: 
tricular fibrillation (VF) due to its high incidence of- 
adverse effects. This report presents our experience — 
with amiodarone given in low doses and as the first 
choice antiarrhythmic agent in a selected population. 
with healed myocardial infarction presenting with sus- 
tained VT or VF. : 


METHODS e 

Inclusion criteria: Since 1982, patients admitted to 
our hospital with an episode of sustained VT or VE- 
were considered for amiodarone therapy. For this study 
only patients with coronary artery disease and proven 
healed myocardial infarction (>2 months old) were in 
cluded. In addition, the admission episode of VT or VF 
had to be unrelated to acute myocardial infarction or | 
ischemia, electrolyte imbalance, drug toxicity or long 
QT syndrome. Acute myocardial infarction was ruled 
out because of the lack of development of new Q waves. 
and normal creatine kinase-MB fraction. Acute isch- 
emia could not be completely ruled out (e.g., silent isch- 
emia); however, patients with a history of unstable angi- 
na or those in whom dynamic ST-T changes developed 
after the VT-VF episode were excluded. f 

Protocol: After the conversion to sinus rhythm, ther- 
apy was begun with oral amiodarone, 1.2 g/day, for 10 
days. After this loading dose, an electrophysiologic 
study was performed to assess drug response (see later). 
In cases in which the response was considered adequate, _ 
amiodarone was tapered down within 2 to 4 weeks to 
the maintenance dose (200 mg/day). In cases in which 
the response was Considered inadequate, a repeat study. 
was performed using drug combinations (amiodarone . 
and type I antiarrhythmic agents). Left ventricular ejec- 
tion fraction was calculated by left ventricular radio- 
nuclear angiography. Coronary angiography was. per- 
formed only in selected cases. No patient underwent 
coronary artery bypass surgery. 

Electrophysiologic study: As stated; the. dléctrophve 
iologic study was performed at the end of the amioda- 
rone loading period; therefore, no control study (withou 


A miodarone administered in relatively high doses 
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500 ms, respectiveiy. No S4 or rapid ventricular pacing 
as attempted. Ventricular extrastimulation was per- 
rmed at 2 right ventricular sites, the apex and outflow 

ct, and using a stimulation strength of twice diastolic 
threshold. Induced VT was considered sustained when it 
lasted. 230° seconds; it was considered ‘nonsustained 
when it lasted <30 seconds. VT was considered nonin- 
ucible when a maximum of 5 ventricular responses was 
elicited. An adequate response for the amiodarone study 
; considered when VT was either nonsustained or 
noninducible. In patients with sustained VT, a repeat 
tudy was performed using drug combinations when the 
duced VT (with amiodarone alone) was either very 
fast (rate >200/min) or it was hemodynamically poorly 
lerated. Patients were also discharged if the induced 

T was still sustained but with a relatively slow rate 

th no. evidence of major hemodynamic compro- 


obtained at each. visit. Chest x-rays were obtained. eve r 
6 months. a 
Statistical analysis: Life-table analysis. was per- 
formed using the method of Kaplan and Meier, with 
comparison between survival curves analyzed by..the .. 
method of Breslow and Mantel-Cox. The chi-square 
analysis and Fischer’s exact test were also used for anal- 


ysis of the significance of the results of predischarge — 


electrophysiologic studies with regard to arrhythmia re- 
currence and differences in mortality and arrhythmia 
recurrences between groups. A p value <0.05 was con- 
sidered significant. For the purpose of statistical analys ` 
sis, induction of nonsustained VT (<30 seconds’. dura- ue 
tion) was considered as noninducible VT. he 


RESULTS 
The clinical and ae characteristics af the 3 














ee Pies revealed 'inducil i 


) group and 3 from the VF group); Nonsustained 
VT was induced in 7 patients. It was monomorphic in 6 
(all of whom belonged to the VT group) and it was 
_ polymorphic in 1 patient (VF group). No inducible ar- 
_ thythmias were demonstrated in 18 patients. Thirteen 
of these patients belonged to the VT group and 5 to the 
__ VF group. 

z Follow-up (Table Ii): The follow-up period ranged 
from 1 to 66 months (mean 27 + 17). During the fol- 
low-up period, 11 patients died (33%), 5 suddenly 
c (15%), 5 from nonsudden cardiac causes (15%) and 1 
_ patient from a noncardiac cause (3%). Five patients 
_ (15%) had a nonfatal recurrence of VT. Figure 1 shows 
the group’s life-table analysis according to total mortali- 
_ ty and arrhythmic recurrences (VT and sudden death). 











| ibility at siologic studies and 
atone Of the 8 patients with inducible sustained VT, 
-7 had clinical arrhythmic recurrences, namely, VT or 
. sudden death, and 1 remained asymptomatic. In con- 
- trast, of the 25 patients with either noninducible or 


nonsustained VT, only 3 had a clinical recurrence, p 
< <0.001. The results of the electrophysiologic. studies: 





with. regard to prediction of outcome yielded a sensitiv- 
of 70%, a specificity of 95.6%, a positive predictive 
of 87.5% and a negative predictive value of 88%. 
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% Surviving and Arrhythmic Event 


monomorphic VT in 8 patients (24%) (5 from _ 











Age (years) 6949 . NS” 


Men 30 17 a IB 












Ejection fraction (%) 2948. 29:7 NS 30-410 

Follow-up (months) 27417... 29419. NS 20#12 0. 
Total mortality 11 3%) . .6(25%). NS 5 (55%) 
Sudden death 515%). 14%) <0.005 44%) 
Nonfatal VT §(15%) . 4(16%) NS 11%) 








NS = not significant; VF = ventricular fibrillation; VT = ventricular tachycardia. 



















Ventricular. tachycardia versus ventricular fibrilla- 
tion groups: Table II depicts the characteristics and 
outcome according to the presenting clinical arrhyth- 
mia. Both groups were similar with respect to age, left 
ventricular ejection fraction and length of follow-up, 
The total mortality and incidence of sudden death were. 
higher in the VF group. In contrast, the incidence of 
recurrent nonfatal VT was higher in the VT group. In 
the VT group (24 patients), clinical recurrences of VT 
or sudden death were observed in 4 of the 5 patients 
with inducible VT, whereas recurrences were observed 
in only 1 of the 19 patients with either noninducible or 
nonsustained VT. In the VF group (9 patients), clinical 
recurrences were observed in all 3 of the 3 patients y 
inducible VT, whereas clinical recurrences were see 
2 of the 6 patients with noninducible or nonsustaine 
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ly inducible nonsustained poly- 
orph "and died a after 13 months of ther- 
Y, and the remaining one had noninducible VT and 
died suddenly 27 months later. For the VT group, the 
_ predischarge electrophysiologic studies had a sensitivity 
of 80%, specificity of 95%, positive predictive value of 
80% and a negative predictive value of 95%. For the VF 
‘group, these values were 60, 100, 100-and 66.6%, re- 
spectively. Figures 2 and 3 show the life-table analysis 
of both groups based on the presenting clinical arrhyth- 
_ mia and the results of the predischarge electrophysio- 
_ logic study. In Figure 2 the specific outcome of the pa- 
_ tients (VT or sudden death) is analyzed with the pre- 
_ senting clinical arrhythmia (VT or VF). No statistical 
differences between groups were observed. In Figure 3, 
_ the same specific outcome (VT or sudden death) was 
analyzed against the result of the predischarge electro- 
_ physiologic study (inducible versus noninducible or non- 
-sustained VT). In this case, a strong statistical signifi- 
cance (p <0.001) was found. Figure 4 shows the life- 
table analysis of the groups’ specific outcome (VT or 
_ sudden death) comparing both groups (VT versus VF) 
: with their predischarge studies. A statistically signifi- 
cant difference (p <0.002) was found between the 4 
groups, with both groups without inducible VT showing 
_a better outcome. 
ae Adverse effects: Permanent pacemakers had to be 
lled in 2 patients, in 1 for severe symptomatic sinus 
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thyroid, liver or pulmonary toxicity was noted. In 
patient was the dose of amiodarone reduced or the drug 
discontinued. 


DISCUSSION a 

An abundance of reports have been published during : 
the past decade regarding the efficacy and long-term 
results of amiodarone therapy in patients with sustained 
VT or VF. These reports have recently been summa- _ 
rized by Greene.! Almost all studies had certain fea- 
tures in common; they tested amiodarone in patients al- 
ready resistant to previous conventional or investigation- 
al antiarrhythmic drugs and they used a moderate to 
high dose of amiodarone (>400 mg/day). In this study 
we evaluated patients with rather advanced ischemic 
heart disease and proven myocardial infarction (mean 
ejection fraction 29 + 8%). In contrast to previous stud- 
ies, amiodarone was given as the first-line agent and low _ 
maintenance dose (200 mg/day) was administered to _ 
all patients. After a follow-up period of 27 + 17- 
months, we observed a 33% mortality (Table Il, Figure _ 
1). This was due to nonsudden cardiac causes (mainly 
from heart failure) in half of these patients. With re- 
gard to arrhythmia, 70% of the patients remained 
symptom free, 5 (15%) died suddenly and 5 (15%) had 
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was 90 and 85%. The results we ` 





served differ from some previous studies? but are in 
agreement with 2 large recent studies.*° 
Role of electrophysiologic studies: The role of elec- 
trophysiologic studies in predicting arrhythmic outcome 
for patients treated with amiodarone has been greatly 
debated. The initial general consensus was negative*®; 
_ however, subsequent reports have shown a good predic- 
` tive value.4%0 Patients with either noninducible or non- 
‘sustained VT are at low risk for arrhythmic recurrence, 
whereas patients with inducible sustained VT or VF 
have a higher incidence of arrhythmic recurrence or 
sudden death.*?:!© One major limitation in this study is 
e lack of a control study and the use of the clinical 
arrhythmia as the control VT-VF. Therefore, we cannot 
be sure that all the patients had inducible sustained VT 
in the control state. However, our population was strict- 
ly selected using patients with healed myocardial infarc- 
tion and decreased ejection fraction. It has been well 
_ recognized that in this group, the incidence of laborato- 
-rý induction of VT was very high in patients with mono- 
morphic sustained VT.!!-!3 In the group with VF, the 
incidence of laboratory induction of VT-VF was lower 
than in the group with sustained VT.!!-!3 However, in 
our VF group all patients were men and had healed 
myocardial infarction, the 2 variables that were found 
o be the strongest predictors of arrhythmia inducibility 
in survivors of VF.'* In contrast, there are possible ad- 
rantages of not performing a control study such as 
shorter hospitalization time and therefore reduced costs, 
avoiding an invasive and aggressive procedure and de- 
easing the incidence of electrical cardioversions. The 
incidence of cardioversions in VT studies ranges from 
<21 to 52%.15-18 The rate of induced VT is 1 of the major 
determinants of success or failure of pacing cardiover- 
sion. The VT rate induced without drugs is faster than 
- with drugs; therefore, antiarrhythmic drugs improve the 
chances of pacing cardioversion by slowing VT.!5-18 The 
‘VF group had a much poorer prognosis than the VT 
group, with a sudden death rate of 44%. However, life- 
table analysis showed that the clinical outcome was re- 
dated to the results of the electrophysiologic study and 
-nót to the type of clinical arrhythmia (VT or VF) (Fig- 
ures 2 to 4). 
: Toxicity: One of the major limitations of amioda- 
-rone treatment is its high incidence of adverse effects.' 
- This toxicity has been partly related to the dosage and 
serum levels.! Amiodarone had to be discontinued be- 
cause of adverse effects in approximately 14% of pa- 
tients during the first year of therapy, with a subsequent 
_ discontinuation rate of 6%/year.5 We observed only 2 
“types of toxicity: (1) cardiac, manifested by the need for 
_ permanent pacing; and (2) dermatologic, manifested by 
photosensitivity and skin discoloration. No pulmonary 
-or thyroid complications were noted. There was no need 
to reduce or discontinue amiodarone in any patient. 
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electrophysiologic studies is an effective first-line ¢ antiar 
rhythmic therapy, with a low incidence of advers 
fects, for patients with healed myocardial infarction 
presenting with sustained VT (80% success). For the. 
group with VF the results are disappointing. However, _ 
the results of the electrophysiologic study may help to _ 
decide if further interventions, such as an implantable | 
defibrillator, are indicated. 
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The efficacy of nicorandil was compared with aten- 


| in 37 patients with chronic stable angina using 
indomized, placebo-controlled, parallel study de- 
sign. After a single-blind placebo phase, patients 
T randomized to receive nicorandil or atenolol 
using a double-dummy technique. Patients took ni- 


daily for the first 3 weeks, and if no adverse effects 
_ were encountered they took nicorandil 20 mg twice 
_ daily or atenolol 100 mg once daily, for the final 3- 
. week phase. Treadmill exercise tests were per- 
formed at the end of each treatment phase immedi- 
_ ately before and 2 hours after the morning dose of 
. medication. Groups were demographically similar. 
Placebo exercise times were 7.06 (0.60) minutes 
+ standard error of the mean) in the nicoran- 
up and 6.81 (0.47) minutes in the atenolol 
. After 6 weeks, improvements in exercise 
ere before dosing: +1.47 (0.40) minutes 
icorandil (p <0.005) and +1.33 (0.29) min- 


apy was administered were +2.45 (0.41) min- 

utes with nicorandil (p <0.001) and +2.37 (0.43) 

. minutes with atenolol (p <0.0001). Whereas, the 
predose peak exercise double product (heart rate x 
systolic blood pressure mm Hg/100) was reduced 

_ with atenolol (—43.6 units; p <0.001), an increase 

_ (+7.56 units; difference not significant) was noted 

: with nicorandil. One patient taking atenolol and 5 

-taking nicorandil developed persistent headaches. 
One subject with severe 3-vessel coronary artery 


S of starting nicorandil, 10 mg twice daily. Ni- 


ment in exercise time in patients with stable angina 
but the former does not reduce myocardial oxygen 
` demand. This new agent may be beneficial in pa- 
- tients with angina in whom f blockers are contra- 
indicated, although headache may be a problem in 
a significant minority of patients. 

(Am J Cardiol 1990;66:679-682) 


the Department of Cardiology, Northwick Park Hospital & Clin- 

ical Research Centre, Watford. Road, Harrow, Middlesex, United 
dom: Manuscript received February 20, 1990, revised manuseripi 
ed: 


icorandil is a new antianginal drug that has 

been shown in animals and humans to have po- 

tent vasodilating and. antispasmodic properties 
which may be relatively selective to the coronary art 
ies.'-? The compound enhances potassium. trans 
across cellular membranes** and also contains a ni 
moiety. Despite the fact that nicorandil is a nitrat 
ter, its cardiovascular action differs. from: nitrogly. 
in several respects. In particular, it has little effect 
cardiac output, arterial blood pressure and pulse pres- 
sure.’ Early studies indicate that tolerance is less likely 
than with standard nitrate preparations.6° An increase 
in both cyclic guanosine monophosphate’ and released 
prostacyclin from vascular microsomes® have also bee: 
reported, which suggests other mechanisms of corona: 
vasodilation. The half-life of 6 to 8 hours permits twice- 
daily dosage, and total-daily dosages between 10 and 40 
mg have been effective in patients with chronic stable 
angina.™!! To assess the clinical efficacy and the an 
ischemic properties of nicorandil, it was compared with 
the proven cardioselective 8 blocker atenolol!*-'4 in p 
tients with chronic stable angina. 


METHODS... 
Patients: Thirty-seven patients (35 men, 2 weil 
with angiographically proven coronary artery disea 
(21 vessel with >70% luminal diameter stenosis) a 
stable anginal symptoms for a minimum of 6 mont 
were studied. Strict inclusion. criteria were applied that 
required the development of reproducible angina dur- 


ing treadmill exercise, associated with a minimum of |. 


mm ST-segment depression measured 80 ms after the 
J point. Patients with recent myocardial infarction _ 
(<3 months) labile ST/T-wave syndrome, hypertension 
(>170/100 mm Hg) or those with angina due to valvu- — 
lar disease were excluded as were women of childbear- 
ing age. All cardiovascular drugs (except sublingual 
troglycerin) were withdrawn 14 days before trial entry. 
Trial design: The trial consisted of 3 phases (Figure 
1). An initial, single-blind placebo assessment was per- 
formed in all subjects. This comprised a baseline exer- 
cise test and 1 week of placebo (2 capsules twice daily 
in identical form to the later active medication)’ fc 
lowed by 2 further tests: 1 before the trial morning dos 
of placebo and one 2 hours later. Patients exhibitin, 


-randomized into 2 groups to receive nicorandil (10 


mo daily for 3 weeks followed by. 20m 
1 (4 renee 
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(A=19) Atenolol {n = 18) 
61 (range 51-70) 61 (range 44-70) 
19/0 16/2 
7/19 7/18 
1 current 3 current 
j 12ex 12 ex 
Height (cm). mean + SD 173 (7.0) 170 (8.1) 
Weight (kg) mean + SD 77 (9.6) 72 (6.8) 
Duration of symptoms (mo) — 79(range6-260) 41 (range 6-180) 




























$ vexa ax smoker: Mi = myocardial infarction: SD = standard deviation, 


lowed by 100 mg/day for 3 weeks). Tests were per- 
formed at the end of each phase before and 2 hours 
after the morning dose. 

Exercise testing: Exercise testing was performed at 
the same time each morning (0900 to 1100 hours) in 
a temperature-controlled laboratory according to Amer- 
can Heart Association regulations.'5 Patients were 
asked not to smoke or to take sublingual nitroglycerin 
on the morning of their tests. Maximum symptom-lim- 
_ ited graded treadmill exercise testing was performed on 
a motorized treadmill linked to an on-line computer 
analysis system (Case I-Marquette Electronics Inc.) us- 
ng continuous monitoring of bipolar leads CM5 and 
CCS. In each patient the lead showing the greatest ST 
ange was identified and used in all subsequent tests to 
termine the time to 1 mm of ST depression. A modi- 
fied Chung protocol was used as previously described.'® 
The computer provided digital measurement of the ST- 
segment level to an accuracy of 0.1 mm measured 80 
ms after the J point or one-eighth of the RR interval, 
yhichever was shorter. Systolic blood pressure was re- 
rded by sphygmomanometer every 3 minutes during 
exercise and the results entered into the computer. 

- Subjective improvement in symptoms was monitored 
_ by patient diary cards. 

Statistical analysis: Treadmill test times to peak ex- 
ercise, time to angina and time to 1 mm ST depression 


The study was approved by 1 the hos 
mittee and all patients gave written conse 


RESULTS : 

Thirty patients completed the trial, One patient with a: 
severe 3-vessel coronary artery disease had fatal myo- 
cardial infarction on the third day of active treatment 
with nicorandil. An additional 6 patients withdrew be- 
cause of persistent severe headaches (5 nicorandil, 1 
atenolol). In those who completed the study, all had 
their doses increased to the maximum without signifi- 
cant adverse effects, except 1 patient taking atenolol - 
who developed a resting bradycardia <50 beats/minute _ 
with 50 mg. The demographic details of the 2 groups 
are listed in Table I. 

Exercise time: Changes in exercise time, time to an=: 
gina and time to 1 mm ST depression are shown in Fig- 
ure 2. Predose exercise time increased from 7.06 (0.60) 
(mean + standard error of the mean) minutes with pla- 
cebo to 8.53 (0.74) minutes with nicorandil 20 mg _ 
(difference 1.47 [0. 40] minutes [p <0.005]). With.aten- 
olol 100 mg, the increase was from 6.81 (0.47) to 
8.14 (0.57) minutes (difference 1.33 [0.29] minutes [p> 
<0.001]). Postdose exercise time increased from 7.32: 
(0.59) to ‘9.77 (0.65) minutes with nicorandil (differ- 
ence 2.45 [0.41] minutes [p <0,0001]) and from 7.12 
(0.46) to 9.49 (0.62) minutes with atenolol (difference 
2.37 [0.43] minutes [p <0.0001]). Time to 1 mm ST. 
depression and time to angina increased both before and 
after administration of nicorandil and atenolol when: 
compared with placebo times (Figure 1). There were no 
statistical differences between the magnitude of im- © 
provement in the 2 treatment groups. 

Heart rate and blood pressure: Differences in the. 
change of heart rate and blood pressure between the: 
2 drug treatments are shown in Figure 3. Compared’. 
with placebo, predose resting heart rate decreased — 
1.42 (3.08) beats/min with nicorandil and 19.72 (2.77). . 
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FIGURE 1. Trial design 
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atenolol—a highly signifi cant diff 


oe j. 
nd. decreased 16.56 (4. 08) beats/min with. atenolol ( 


0.0001). Predose resting systolic blood pressure de- 
creased 3.36 (4.67) mm Hg with nicorandil and 6.89 
(3.62) mm Hg with atenolol (difference not significant). 


Relatiye to placebo, maximum systolic blood pressure 
creased 1.67 (5.23) mm Hg with nicorandil but de- 
eased 17.50 (4.23) mm Hg with atenolol (p <0.001). 

predose peak exercise double product (maximum 
rt rate X systolic blood pressure mm Hg/100) in- 
eased by 7.56 units with nicorandil compared with 
nificant decrease of 43.6 units with atenolol (p 
0001). 
€ incidence of severe headache was 5 of 19 in the 
icorandil group, and an additional 6 patients had mild, 
sient headaches. The frequency of anginal attacks 
ecreased with both drugs, from 4 to 2/week with nico- 
randil and from 5 to 2/week with atenolol. Glyceryl 
trinitate consumption decreased from 4 to 1/week with 
: nicorandil and from 2 to 1/week with atenolol. 


: DISCUSSION 
<- Despite the availability of numerous drugs to treat 
patients with chronic stable angina, the negative inotro- 
nd chronotropic effects of 8 blockers and some cal- 
antagonists and the problem of tolerance with 
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“FIGURE 3. Mean + standard error of the 
mean (bars) changes in rest (R) and exer- 
- eise (Ex) heart rate and systolic blood 

_ pressure (SBP). Changes with respect to 
vend placebo (day 8) are shown. Statistical 
. differences between the 2 treatment 

_ groups are shown. **p = <0.001; 
***p = <0.0001; NS = not significant. 
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itrate therapy justifies the 


tassium transport across cell membranes,° causin 
ilatation,. and also contains a nitrate moiety. 


-drug has been shown in animal and human studies 


possess potent vasodilating properties. The efficacy o 
nicorandil was compared with the 8 blocker ateno: 
which has proven value in chronic stable angina.!2-!4 
The statistical power of the study was low and proving 
equivalence in the efficacy of the 2 treatments on the — 
basis of our results was considered unlikely. However, 
the demographic similarity of the 2 patient groups e 
abled comparisons of the mode of action of the 2 dru 
to be made. 

The principal aim was to examine the relative bene- 
fits of nicorandil (20 mg twice daily) with a commonly 
prescribed dose of atenolol (100 mg/day). However, a 
lower initial dose with an increase after 3 weeks of ther- 
apy was included in the protocol to minimize the inci- 
dence of adverse effects in the initial treatment phase. 
Exercise testing was performed at the same time of day 
(0900 to 1100 hours) for each patient and only those 
with reproducible angina were included. The double- 
dummy medication format ensured that both patient 
and investigator were blinded during the active treat- 
ment phases. By these means, observed changes we 
highly likely to be due to drug effect rather than spu 
ous influences. 
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icorandil, 10 aN was similar to that “described m 
a et al? in patients who exercised 30 minutes after 
g an identical oral dose. However, in our study 
s were assessed at the end of a 6-week treatment 
which suggests that an attenuation of antiisch- 
ay not be present with nicorandil. The im- 
exercise time in the atenolol group was 
arable to those previously described in similar 
The significant and comparable improvement 
ise time before the morning dose of medication 
with both drugs indicates that nicorandil, 20 mg twice 
daily, is as effective as atenolol, 100 mg once daily, in 
roviding 24-hour antiischemic benefit to patients with 
table angina. 
‘However, the mechanism of action of the 2 drugs, 
erred by the hemodynamic changes, were different. 
enolol improved exercise time by reducing the exer- 
se heart rate and systolic blood pressure, thus reducing 
ocardial oxygen demand at all work loads. Nicoran- 
id not reduce the predose peak exercise double 
duct, and peak oxygen demand was therefore not al- 
by the drug. Resting blood pressure was reduced, 
uggesting a peripheral vasodilatory action. The im- 
provement in exercise capacity with nicorandil was thus 
iated through a reduction in afterload, and the 
small increase in peak exercise rate pressure product 
may reflect a degree of coronary vasodilation with sub- 
sequent alteration in coronary reserve. 
=i Severe headaches were encountered by approximate- 
ly one-third of the patients taking nicorandil and caused 
5 subjects to discontinue. In all these cases headaches 
. remained without diminution during treatment, imply- 
. inga sustained vasodilating effect. The sustained hemo- 
dynamic changes in those who were assessed after 6 
<- Weeks of treatment with nicorandil also suggest that the 
well-described phenomenon of tachyphylaxis seen with 
_ many nitrate compounds!’!® may not occur with nico- 
»-randil. l 
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itelet aggregation response to adenosine di- 
ate (ADP) and to thrombin was quantified in 
with unstable angina pectoris and 5 
yocardial infarction, before, during 
-minute infusion of nitroglycerin. An 
ggregometer allowing rapid bedside 
le blood was used. The reproducibili- 
is was documented to be within 
es of nitroglycerin were titrated for a 10 
decrease in mean arterial blood pressure 
| doses being 1.2 + 0.2 (standard error of 


Eak responses © ADP were erento 
+ 1 to 9.1 + 1.7 ohms (p = 0.005) and 
in from 9.3 + 2 to 5.0 + 1.2 ohms (p = 


or the other and the inhibition was >50% 


of the 2 aggregating agents in 6 patients. 
ses performed on blood withdrawn 15 min- 
the discontinuation of nitroglycerin 


When analyses were delayed and performed 
preserved at room temperature for 30 
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‘TJ itroglycerin has played an important role in 
Ne practice for more than a centüry.! I 
fulness. has stimulated continuous resear 
its. mechanisms of action, which have i impro unde: 
standing of the pathophysiology of angina pectoris 
troglycerin decreases myocardial oxygen co 
by its peripheral vasodilating effects.? The drug al 
creases myocardial oxygen supply through dilatatio 
the large coronary arteries.? Other possible benefi 
effects include an increase in coronary collateral fl 
and favorable redistribution of regional flow.> 
Nitroglycerin is also widely used in unstable an 
and acute myocardial infarction,’ clinical syndromes 
which platelet aggregation and thrombus format 
play a major role,’ Attempts to document an eff 
nitroglycerin on these processes have generally : fai 
or yielded controversial: results.!3 Although in 
and in vivo experimental studies!> have shown th 
troglycerin could inhibit platelet aggregation, t 
has not been confirmed in man a 
doses.™!617 The aim of this study was to re; 
effects of nitroglycerin on platelet aggregation 
tients with acute ischemic syndromes. For this pi 
we used. a new method allowing rapid, bedside « 
nation of platelet aggregation in whole blood.'8 


METHODS 

Population: Ten patients (8 men, 2 wore! 
documented coronary artery disease were studie 
Mean age was 58 years (range 38 to 76). The patier 


were selected from the coronary care unit population of- 


our institution; 5 had unstable angina and were stud 
shortly after admission; the other 5 had acute myoca 
al infarction and were studied 5 to 7 days aft 
acute phase. Concomitant medications included a 
um antagonist in 5 patients, captopril in 1 and di 
in 1. Exclusion criteria were use of nitrates; as 
nonsteroidal antiinflammatory agents, heparin and a 
brinolytic agents in the 10 days before the study, diffi 
cult venous puncture access or refusal by the patien 
participate in the study. 
Perfusion of nitroglycerin: Tests were carried outi 
the fasting state, without recent tobacco use and with a 
previously installed intravenous line with dextrose 
tunning at a minimum rate. The blood: pressu 
rate were measured Sey 5 minutes for | 





| het for the determination of ae aggre- 
ition were obtained by the same well-trained person 
sing a 19-gauge butterfly needle inserted in an antecu- 
vein with minimal trauma and stasis. Different 
uncture sites were used for each sampling. Blood sam- 
sles were obtained just before the start and before the 
end of the 45-minute perfusion of nitroglycerin and 
gain in 6 patients, 15 minutes after discontinuation of 
he drug. ; 
Platelet aggregation studies: Platelet aggregation 
was tested at 37°C on whole blood diluted 1:1 in sterile 


SEM = standard error of the mean. 
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FIGURE 1. Typical examples of aggrega- 


(ADP, top) and to thrombin (bottom) be- 
fore, during, and after infusion of nitro- : 
glycerin (NTG). The amplitude of the « 
is calibrated in ohms (0). Nitroglycerin 
hibits platelet aggregation to both rea: 
gents and the effect is rapidly reversible 

` after discontinuation of the drug. ; 
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lidated on 2 blood samples collected 45 minutes apart 
in 14 patients without nitroglycerin in the intravenous 
perfusion of dextrose 5% in water. Results obtained on 
~ the second sample drawn after 45 minutes were respec- 
tively in percent: 111 + 6 (amplitude), 108 + 6 (surface 
area) with ADP, and 101 + 5 (amplitude), 104 + 5 
© (surface area) with thrombin, as compared to baseline 
values set at 100%. Differences were not statistically 
. significant. 
Statistical analyses: Results obtained before and 
< during the perfusion of nitroglycerin were compared us- 
ing the t test for paired comparisons. A p value <0.05 
was considered significant. 
















































RESULTS 
_ Hemodynamic changes: The mean dose of nitroglyc- 
erin used was 1.19 g/kg/min (range 0.4 to 1.9). The 
hanges observed in heart rate and mean blood pressure 
wr the individual patients are listed in Table I. All pa- 
tients had a = 10% decrease in mean arterial blood pres- 
-sure except for 3 in whom incremental dosing was 
stopped because of headache. Heart rate increased by a 
mean of 6 beats/min from an average of 69 + 3 (p 
: s0; 02). 
` Platelet aggregation studies: A typical example of 
; the response to nitroglycerin is shown in Figure 1. Test- 
ing aggregation to ADP and to thrombin in fresh blood 
vealed a 50% decrease during the perfusion of nitro- 
glycerin and a return to prenitroglycerin control values 
15 minutes after its discontinuation. 
Figure 2 shows the response for all patients. In the 
basal state, samples from 2 patients failed to respond to 
thrombin and are not included. Nitroglycerin decreased 
the aggregation response to ADP or thrombin in all but 
| patient. In two-thirds, the decrease was >50% when 
the results of 1 test were considered and when the re- 
sults with either test were considered, it was >50% in all 
‘patients. Overall estimation of aggregation indicates a 
decrease during nitroglycerin perfusion in the magni- 
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Inhibition of platelet aggre / 
was rapidly reversible, as indicated oy a 





the petfiasion (Figures 1 and 3). The platelet response — 
was not related to the magnitude of changes in ‘blo 
pressure and in heart rate. . 

In contrast to the above results obtained on fresh 
blood, platelet aggregation remained unchanged during _ 
nitroglycerin administration when tested on preserved 
blood samples. A typical example is shown in Figure 4: 
where the inhibition of aggregation to thrombin by ni- 
troglycerin is detected in fresh blood but no effect is 
detected’ in the deferred analysis. Figure 5 shows the 
results for the whole group of patients: platelet aggrega- 
tion to ADP and to thrombin is similar in fresh and 
preserved blood before nitroglycerin. During nitroglyc- ` 
erin, the aggregation decreases significantly in fresh 
blood but is unchanged in preserved blood. , 










DISCUSSION 

This study shows that nitroglycerin used at thera- 
peutic doses can inhibit platelet’ function: in patients a 
with acute ischemic syndromes. The inhibitory effect is 
rapidly reversible after discontinuation of the drug. This 
observation extends to the clinical setting of previous > 
experimental results showing a potent platelet inhibitory — 
effect of nitroglycerin in vivo!> and in vitro.'* However, 
these results were observed only at concentrations of 
nitroglycerin >1 pg/ml, well above the therapeutic: 
range.2!6.17 : 

Other studies with platelet-rich plasma have failed 
to consistently show a platelet effect of intravenous and © 
sublingual nitroglycerin,?!!? although a prolongation 
in bleeding time suggested that such an effect could be 
present.!° Fitzgerald et al'! described an inhibition of 
epinephrine and arachidonic acid-induced aggregation - 
in 1 of 5 patients investigated. De Caterina et al!’ stud- 
ied the effect of a perfusion of isosorbide dinitrate in 11. 
patients with angina and reported a significant decrease 
in ADP and adrenalin-induced aggregation.'> Paradoxi- 
cally, the inhibition was present only at low doses and 


FIGURE 5. Mean results in 10 patients 


nitroglycerin 
native blood is not detected in preserved 
NTG blood. . 
PERFUSION ates 





agents were considered; etii inhibited rep 


on to thrombin in all but 1 patient and aggregation to K 
ADP in 8 of the 10 patients; the magnitude of the inhi- : 


_ bition was of similar range among patients. 
(Mechanism of the inhibition: The exact mechanism 
_ of the inhibiting effect of nitroglycerin remains specula- 
e. Although studies have suggested some interaction 
between nitroglycerin and prostacyclin synthesis and 
‘thromboxane A, inhibition,'® others have failed to show 
such a relation.'2!6 Current evidences suggest that the 
fes may act by stimulating the guanylate cyclase 
enzyme leading to cyclic guanosine monophosphate pro- 
, which may be responsible for the vascular?! 
platelet effect?2 of nitroglycerin. 


ce parewumeter and the standard light trans- 
on aggregometer,'® with a higher sensitivity for the 
to detect the effects of some aggregating and 
t agents.?3?4 Indeed, in contrast to the optical 
uses platelet-rich plasma, the impedance aggre- 
lows studies in the presence of all blood ele- 
uch analysis should theoretically be more rep- 
of in vivo platelet behavior by avoiding 
manipulation, centrifugation and loss of plate- 
| factors. In addition, early and rapid 
of lood may be critically important for detect- 
fects of labile blood factors and drugs with 
ives like nitroglycerin. 

ẹ study does not allow an insight into the mecha- 
nism of action of nitroglycerin. Whether the observed 
results represent a direct influence on platelet function 

a nonspecific effect remains to be investigated by 
< other techniques, such as measurement of platelet cyclic 
. guanine. monophosphate. The nitroglycerin-induced in- 

crease in autonomic tone could influence the distribu- 

tion of platelets and their behavior. However, in this 

_ study, no correlation was observed between the inhibito- 
„ry effect and the hemodynamic responses. The in vivo 
correlates of the observed effects on platelet function 

‘are not known and would require in vivo tests of platelet 
- function. Indeed, a decrease in ex vivo platelet aggrega- 
tion could reflect in vivo activation.” Finally, the study 

population consisted of patients with acute ischemic 
-syndromes in whom platelets and blood factors are acti- 
vated in relation to plaque rupture and fissure. Whether 
observed inhibitory effect of nitroglycerin is depen- 

n this activation process or not will also need fur- 

igation. A change in the clinical status of the 
unlikely explanation for the: 
i cerin because a return to th preni 


: Clinical relevancei The observation of decre 
platelet aggregation with nitroglycerin raises a plaus 


hypothesis to explain many of the beneficial effects ob- 
< served when the drug is used in unstable angina and 


myocardial infarction, Administration of nitroglycerin 
in acute myocardial infarction decreases the need for 
analgesics,2° promotes patency of the infarct-related ar- 
tery during fibrinolysis’? and decreases infarct size.6 A 
continuous infusion in unstable angina controls episodes 
of chest pain without significant changes in mean arte 

al pressure and heart rate and without the apparent de- 
velopment of tolerance to the drug.?’ 
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occurrence and significance of transient dila- of extensive myocardial ischemia caused by under- 
on of the left ventricle during dipyridamole stress- lying extensive critical coronary stenosis and thus 
redistribution thallium-201 scintigraphy was stud- may be termed “transient ischemic dilation.” 
73 patients who underwent both dipyrid- (Am J Cardiol 1990;66:689-694) 
 amole thallium-201 study and coronary angiogra- 
phy. Transient dilation ratio was calculated from 


ar anterior images by dividing the computer- "Tiss dilation of the left ventricle after oe 

















































n derived left ventricular area on the initial image by has been reported to bé a marker of severe a 
a hat of the 4-hour image. In 11 patients with nor- extensive coronary artery disease in patients u 
_ mal coronary arteriograms or <50% coronary ste- dergoing exercise-redistribution thallium-201 scint: 
the transient dilation ratio was 0.98 + phy. In patients who are unable to exercise adequa 
An abnormal transient dilation ratio was de- ly, dipyridamole infusion has been used as an alterna- 
1,12, representing 23 standard devi- tive form of stress? Although the accuracy 
ve the mean normal value. When the 15 dipyridamole and exercise thallium-201 stress testing 
with an abnormal ratio were compared has been reported to be similar for detection of coronary 
58 with a normal ratio, the former group artery disease,> these 2 modes of stress are quite diff 
cant ice frequency of 3 critical ent with respect to their effect on left ventricular p 
ary stenoses (33 vs 5%), higher load, left ventricular afterload, myocardial oxygen 
collaterals (67 vs 24%), more exten- mand and frequency of true ischemia.? Because of t 
eversible defects by planar (71. vs underlying physiologic differences, the signifi icance 
gle-photon emission computed to- transient dilation of the left ventricle observed after 
l. ys 35%) imaging and a higher in- pyridamole infusion may not be similar to that observed 
cide f dipy: e-induced anginal chest pain after exercise. We undertook this study to evaluate the 
7 (33 vs 22%). No significant difference between the frequency and determinants of dipyridamole-induced 
-2 groups was noted with respect to age, gender, transient dilation of the left ventricle during thalliuni 
prior myocardial infarction, single or double critical 201 scintigraphy. 
. coronary stenosis, dipyridamole-induced ischemic 
_ electrocardiographic response and increased lung METHODS : 
_ uptake. An abnormal transient dilation ratio of Patients: The study group consisted of 73 patient 
21.12 was a specific marker of multivessel (87%) among those referred to our nuclear cardiology labor: 
or 3-vessel (85%) critical coronary artery disease tory who had undergone dipyridamole stress-redistribu- 
Left ventricular transient dilation observed ducing tion thallium-201 scintigraphy and coronary angiogra- 
dipyridamole thallium-201 scintigraphy is a marker phy within 5 months of one another without an int 
ay vening ischemic event. Patients who had previous 
undergone coronary artery bypass surgery or prior coro- 
nary angioplasty were excluded as were patients requir- 
From the Departments of Medicine (Division of Cardiology) and Nu- ing aminophylline to reverse the effect of dipyridamole 
clear Medicine, Cedars-Sinai Medical Center and the Department of before completion of the anterior planar view. There 


Medicine, University of California School of Medicine, Los Angeles, : 
“California. This study was supported in part by the Save A Heart were 34 men and 39 women aged 29 to 85 years (mean 


Foundation, Los Angeles; by the American Physicians Fellowship, 68). Twenty-four patients had history of a prior docu 
Brookline, Massachusetts; a Specialized Center of Research Grant mented myocardial infarction. oH 
_ 7651 from the National Institutes of Health, Bethesda, Maryland, and Dipyridamole thallium-201 imaging protocol: Dipy- 
a grant from the American Heart Association, Greater Los Angeles ridamole, 0.56.mg /kg body weight, was infused. intrav 
oe oe 15, nously over a 4-minute period with the patient in he 
¢ supine position. Four minutes after disconti 
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lead _electrocardiograms, 
re were obtained.at the con- 
ue yridamole infusion and every min- 
ute thereafter for 212 minutes. Myocardial imaging 
tarted 10 minutes after thallium-201 injection. Forty- 
sight patients underwent planar imaging to obtain ante- 
rior, 45° and 85° left anterior oblique views (10 min- 
utes per view). In 25 patients a 5-minute anterior view 
planar image was obtained followed by single-photon 
emission computerized tomography (SPECT). For 
SPECT, 32 projections were obtained over a 180° arc 
(from the 45° right anterior oblique to the 45° left pos- 
-terior oblique views), each for 40 seconds. The redistri- 
‘bution images were obtained 3 to 5 hours after thalli- 
-m-201 injection according to the same acquisition pro- 
‘tocol that was used for the early postdipyridamole 
‘infusion study. With this protocol, planar images for all 
-patients were obtained in the anterior view at 10 min- 
utes and 3 to 5 hours after thallium-201 injection. For 
both planar and SPECT studies, images were acquired 
using a standard large field-of-view Anger camera 
equipped with 37 photomultiplier tubes, a one-quarter- 
-inch-thick sodium iodide crystal and a parallel-hole col- 
-limator. A 20 and a 10% energy window was centered 
on the 69 to 83 Ke¥ and the 167 KeV photopeaks of 
 thallium-201, respectively. For planar imaging, a high 
“resolution collimator was used and images were stored 
on 128 X 128, 8 bit matrix. For the SPECT study, an 
ill-purpose collimator was used and images were stored 
mn 64 X 64, 8- bit matrix. 
Quantitation of transient dilation of the left ventri- 
cle: The anterior view planar images were used for 
quantitation of transient dilation of the left ventricle in 
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FIGURE 1. Method for quantitating transient dilation ratio in 
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electronic marker (Figure D Ip patients with severe 
perfusion defects in whom the epicardial border could. 
not be clearly defined, the computer operator assigned 
the region that most closely approximated the typical 
left ventricular shape. The left ventricular area encom- 
passed by the region of interest was then determined by . _ 
the computer and was expressed as number of pixels. ~ 
contained within the epicardial border. Transient dila- 
tion ratio was then calculated by dividing the left ven- 
tricular area on the stress image (expressed as number 
of pixels) by the left ventricular area on the 4-hour re- - 
distribution image. 

Visual interpretation of thallium-201 scintigrams: 
Thallium-201 images were interpreted for myocardial 
perfusion and degree of lung uptake by the consensus of 
2 experienced observers who did not have knowledge of < 
the other test results, For interpretation of myocardial . 
perfusion on planar images, the left ventricle was divid- =< 
ed into 5 segments in each view and segmental thalli- 
um-201 uptake was evaluated. using a 4-point scoring | 
system where 0 = normal uptake, 1 = slightly reduced _ 
uptake, 2 = moderately reduced uptake, and 3 = se- 
verely reduced uptake. For tomographic image analysis, 
the short axis and the apical portion of the vertical long 
axis were assessed according to a previously described |. 
methed.'!° The thallium-201 myocardial tomograms 
were divided into 20 segments assigned on 6 evenly 
spaced regions in the apical, midventricular and basal 
cuts of the short-axis views and the anteroapical and 
inferoapical segments of the midvertical long-axis cut. 
Thaliium-201 uptake was scored according to the same 
4-point scoring system that was used for planar image 
analysis. Lung uptake of thallium-201 was scored visu- 
ally as 0 = no lung uptake, 1 = mild lung uptake,2 =, 
moderate uptake with intensity of uptake less myocardi- 
um uptake, and 3 = severe lung uptake with an intensi- wa 
ty similar to that of the myocardium.!! 

For both myocardial and lung uptake analysis, a 
score of 22 was considered definitely abnormal. The 
severity of perfusion abnormality was calculated by 
summing scores of all myocardial segments. Reversibili- 
ty score was defined as the difference between the stress 
and redistribution defect severity scores. Defect revers- 
ibility was considered to be extensive if the reversibility 
score was >7. To assess clarity and definition of endo- 
cardial border on the anterior view and the presence 
and significance of transient endocardial dilation of the. 
left ventricle, 43 of 73 studies were randomly selected. 
The definition of endocardial and epicardial. borders 
was visually scored as poor, average or good. Trans ae 
endocardial dilation was defined as.a larger left v 
ular cavity on the stress anterior image than on 
hour redistribution image. ae 

Definition. of ischemic clinical and electrocardio- 
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danole induced darani. 
nges ing patients in whom the baseline electri 
iogram showed left bundle branch block (5 patient: 
- left ventricular hypertrophy (3 patients) were deem« 
See esistic. 


theterization and Aen coronary arteriogra- 

hy using the Judkins technique. Coronary arteriogra- 
hy was performed in 28 patients before and in 45 pa- 
ats after thallium-201 testing. The mean interval 
thallium-201 testing and angiography was 34 
(med an 6, range | to 150). Coronary arteriograms 
sually analyzed by the consensus of 2 experi- 
bservers who were unaware of the thallium-201 

sults. The most severe narrowing of the lumen in 
ojection was determined as <50%, 250% to 

nd 290%. With respect to extent.and severity of 
rtery disease, 11 patients had a normal coro- 
riogram or a maximal luminal diameter coro- 
arrowing of <50%. Sixteen patients had 

stenoses of =50% to <90% involving 1 

ronary arteries. In the remaining 46 pa- 

d coronary stenosis of =90% (critical ste- 

stenosis involved 1 vessel in 25, 2 vessels in 13 
vessels in 8 patients. Among these 8 patients, 
patient who also had 80% left main disease. 

(visible retrograde opacification of occluded 
stenosed coronary arteries) were observed in 


© Pts. with previous MI 
@ Pts. without previous Mi 


= 
N 
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(0.06=SD) 
1.01 


"Transient Dilation Ratio _ 


(0.046=SD) 


ative. significance of the univariate paramete 
epwise logistic regression was done using all varia 
at were significant with the univariate analysis: 

To evaluate the importance of different variables. 
predicting the presence of multiple (22) vessels w 
critical stenosis as well as for predicting the presence of 
3-vessel critical stenosis, the univariate significance 
the variables was first determined. To determine the rel. 
ative significance of the univariate parameters for pr 
dicting multiple-vessel critical stenosis, a stepwise log 
tic regression was done using all variables that were s 
nificant with the univariate analysis. To determine the — 
improvement in predicting triple critical coronary steno- 
sis with the presence of abnormal transient dilation ra: 
tio, 2 logistic regression models were compared; in t 
first set all variables of interest except transient dilati 
ratio variable were considered and in the second set all 
variables were included. To compare between planar 
and SPECT reversibility scores, a 2-sample ¢ test was 
used. For all analyses, significance tests were done at p 

= 0.05. 


onary arteriograms: The mean transient dilation 

in the 11 patients who had normal coronary arteri 
grams was 0.98 + .0.0406. The abnormal transient 

tion ratio was defined as mean + 3 standard deviations 





(0.10= SD) 


0.08= SD 
isi ) 1,06 


1.05 






























6841 
47% 
33% 


T Age (years) 
Gender (% men) 
Prior myocardial infarction 


ischemic ECG response* 10% (5/50) 
Ischemic clinical response 22% 
No. of coronary arteries 

narrowed 290% in diameter 

1 ; 33% 

2 17% 

3 5% 
Presence of collaterals 24% 
Abnormal lung uptake 12% 
Reversibility score >7 

Planar (n = 48) 10% (4/41) 

SPECT (n = 25) 35% (6/17) 





thd “The ‘8 patients with left bundie branch block or with left ventricular hypertrophy on their baseline electrocardiograms were excluded for this analysis. 
ECG = electrocardiographic; NS = not significant; SPECT = single-photon emission computed tomography. 


8 + 0.14 = 1.12). Based on this definition, 47 of 62 
patients with coronary disease and 11 of 11 patients 
normal coronary arteries had a normal transient 
lation ratio (Figure 2). 

Results of univariate analysis for predictors of ab- 
normal transient dilation ratio: Table I lists the results 
of univariant analysis for the significance of multiple 
riables that were compared between the 15 patients 
with and the 58 patients without an abnormal transient 
dilation ratio. No significant difference between the 2 
` groups was noted with respect to age, gender, preva- 

lence of previous myocardial infarction, dipyridamole- 
induced increased lung uptake of thallium-201, isch- 

mic electrocardiographic response, or the prevalence of 
‘|--or 2-vessel critical stenoses. The significant univar- 
nt parameters were the prevalence of 3-vessel critical 
stenoses (33 vs 5%), prevalence of collaterals (67 vs 
24%), extensive reversibility by planar imaging (71 vs 
10%) or by SPECT imaging (87.5 vs 35%), and dipyrid- 
amole-induced angina (53 vs 22%). 
~ Transient dilation ratio was found to be highly cor- 
lated with the reversibility score assessed whether by 
nar imaging or SPECT. The correlation coefficients 
tween transient dilation ratio and reversibility score 








ABLE it Comparison of Reversibility Score Evaluated by 
Planar and SPECT imaging in Patients With and Without 
Abnormal Transient Dilation Ratio 


Transient Dilation 


<1,.12(n = 58) 21.12(n=15) 


9.44 1.9* 
(n=7) 
13:14 2.1* 
(n= 8) 








Transient Dilation 


<1.12 (n = 58) 



















21.12 (n= 15): 


6743 
47% 











33% 

20% (3/15) 

53% 0.05 

40% NS 

20% NS 

33% 0:001 

67% <0.01 
7% NS 

71% (5/7) 

87.5% (7/8) 





obtained from SPECT and planar images were 0.66 (p 
<0.001) and 0.50 (p <0.001), respectively. Table II 
compares reversibility scores by either planar or SPECT 
technique between patients with and without an abno 
mal transient dilation ratio. The reversibility score w 
significantly higher in patients with abnormal transient 
dilation ratio regardless of the imaging technique used. 
Furthermore, among a total of 15 patients with abnor- 
mal transient dilation ratio, there was no statistical dif- 
ference between the reversibility scores in the 7 patients 
who underwent planar imaging vs the 8 patients who 
had SPECT imaging. 

Multivariate analysis for prediction of abnormal. — 
transient dilation ratio: The multivariate analysis. — 
showed that the reversibility score, followed by number 
of coronary arteries with critical stenosis and ischemic 
clinical response to dipyridamole infusion, was.the most 
significant predictor of an abnormal transient dilation | 
ratio, 

Multivariate analysis for prediction of imuttivessel a 
critical coronary stenosis: The transient dilation ratio 
had significant predictive value (p <0.05) for the pres- 
ence of multivessel critical stenosis. Marginally signifi- 
cant predictive value (0.05 < p <0.10) for prediction of 
patients with multivessel critical disease was found for 
the variables of ischemic electrocardiographic response, 
reversibility score: and age. 

Improvement in prediction of 3-vessel critical coro- 
nary disease by presence of abnormal transient dila- a 
tion ratio: When the stepwise logistic regression was run __ 








































te ses aT was found to be the nye si 
variable. When all variables were enter i 


Three-Vessel Critical ` 
Coronary Artery Stendse 


Sensitivity 


Patients without prior 
myocardial infarction 
Patients with prior 
myocardial infarction 
All patients 


89% 
” (39/44) 


Multiple Vessel Critical 
Coronary Artery Stenoses 
Sensitivity Specificity = 
92% 
(35/38) 
71% 
(10/14) 
87% 
(45/52) 


76% 
(16/21) 
85% 
(55/65) 





re ot te border demonstrated a poorly de- 
docardial border, whereas all studies had well- 
epicardial borders. Six of these 43 studies dem- 


All 6 patients had multivessel coronary 
w critical in 4. 


been previously observed that transient dila- 

tion of the left ventricle during recovery from exercise 
occurs in 26% of patients undergoing exercise thallium- 
201 testing and has been associated with a high preva- 
lence of multivessel critical coronary stenoses; this find- 
: ing suggests that exercise-induced transient dilation is a 
sign of severe and extensive ischemia.” This study of the 
_ frequency and determinants of transient dilation of the 
left ventricle in patients undergoing dipyridamole stress- 
redistribution thallium-201 studies demonstrated that 
an abnormal transient dilation ratio occurred in 20.5% 
(15 of 73) of the included patients. This prevalence ap- 
pears to be slightly lower than that observed with the 
_ exercise redistribution thallium-201 study. Because rel- 
atively sicker patients are referred for subsequent coro- 
nary angiography, the stated prevalence of left ventricu- 
-lar transient dilation in these studies may be overesti- 
mated. This study as well as a previous study? uses 
_ measurements of the epicardial border of the left ventri- 
ele on the anterior view. Other investigators have sug- 
gested that transient endocardial dilation of the left ven- 
“may be. more sensitive for detecting severe and 
ve ramin In 22 of 43 (51%) ae selected 


could not be seen to allow assessment of transient dila- 
tion. 

The mean transient dilation ratio with dipyridamole 
testing in patients with normal or <50% luminal coro- 
nary artery narrowing was 0.98, which showed a trend 
toward a slightly lower value than that previously ri 
ported in patients undergoing exercise testing (1.02).? 
This trend may be due to a different status of ventricu- 
lar afterload and preload in the early phase of recovery 
from these 2 different modes of stress. The prevalence 
of increased lung thallium uptake was not greater inthe 
15 patients with transient dilation of the left ventri 
quantitated lung/ myocardial ratio might have sho' 
abnormal ratio in this subgroup of patients. 

The high prevalence of collateral blood flow t 
sels with severe coronary lesions found in this stud 
particular interest. It has been well demonstrated | 
dipyridamole is a potent coronary vasodilator, increas. 
ing myocardial blood flow 3 to 5 times above the restin 
level in myocardial regions. subtended by normal 
nary arteries.>4 Since the hyperemic response is 
uated in areas of myocardium subtended by diseased 
coronary arteries, inhomogeneity of coronary blood flo: 
is created, causing thallium-201 myocardial perfusi 
defects. In vessels with critical lesions, maximal arteri 
vasodilation may already be present at rest. With redu 
tion in perfusion pressure as a result of a modest d 
crease in systolic and diastolic blood pressure associated 
with dipyridamole infusion, a true “coronary steal” may 
be induced resulting in myocardial ischemia.!?-!§ Thi 
effect would be expected to be accentuated in regions 
that are dependent on collateral flow at baseline. Our 
results suggest that dipyridamole-induced transient dila- 
tion is more prevalent in the subgroup with collateral 
probably because of more extensive and severe true 
ischemia. This is consistent with the findings of 
Becker. !2 

We found that the transient dilation phenomena 
provides information about extensive critical coronary 
disease that is additive to other routinely analyzed clini 
cal, electrocardiographic, and myocardial and pulm 
nary thallium-201 parameters. 

These findings underscore the importance of our 
proposed protocol for SPECT imaging which includ 


sequstion of a 5-minute anterior view before the oce 

















t infrequently, transient dilation is ee observed 
n the anterior image (15 minutes after injection of 
hallium-201) but noton the 45° and 85° left anterior 
oblique views at 25 and 35 minutes after injection of 
thallium-201. By the time of completion of tomographic 
ging, which is 230 minutes after the injection of 
allium-201, transient dilation would probably subside. 
-o Dipyridamole-induced transient dilation of the left 
= ventricle was a specific marker of 3-vessel critical coro- 
nary in both subgroups of patients with (76%) and with- 
ut (89%) prior myocardial infarction. However, the ab- 
normal transient dilation ratio was a sensitive indicator 
of 3-vessel critical stenoses only in patients without prior 
myocardial infarction (80 vs 33%), further confirming 
that this phenomenon is of ischemic origin. 
Study limitations: Interobserver variability was not 
assessed i in the study. However, our previous study expe- 
ce with exercise-redistribution thallium-201 studies 
has shown acceptable interobserver variability.? The ex- 
ent of reversibility of thallium-201 defects was ana- 
lyzed. by semiquantitative consensus visual inspection. 
An objective computerized method for assessment of 
the extent and severity of thallium-201 defects is in the 
` final stages of validation in our institution. In this study, 
25 patients underwent SPECT i imaging and the remain- 
; 48 planar imaging. Although it is possible that the 
imaging method will affect assessment of the total re- 
ersibility score, we found that the results were not sig- 
nificantly different in the 2 subgroups. We also found 
that regardless of the imaging method used, patients 
had a significantly higher reversibility scoring in- 
dex with than without an abnormal transient dilation 
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Steven P. Sedlis, MD, Jeffrey M. Sequeira, MS, and Henry M. Altszuler, MD 


[he purpose of this study was to determine wheth- 
 lysophosphatidylcholine (LPC) release from the 
myocardium could be detected in patients with pac- 
ing-induced ischemia. We measured LPC levels in 
plasma obtained from the coronary sinus in 20 pa- 
tients undergoing diagnostic atrial pacing stress 
tests. In 14 patients with pacing-induced ischemia, 
coronary sinus LPC concentration rose from 69.1 
5.3 uM at baseline to 101.7 + 9.0 4M at 4 min- 
tes and to 178.0 + 18.0 uM at peak pacing (p 
.<0.01). LPC did not increase significantly in 6 non- 
ischemic patients (from 60.8 + 7.8 „M at baseline 
< to 70.2 + 7.6 uM at peak pacing, difference not 
- significant). LPC did not increase in mixed venous 
: or arterial blood from ischemic patients. Thus, cor- 
< onary sinus LPC accumulation may be an early 
marker of ischemia. 
(Am J Cardiol 1990;66:695-—698) 
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genic metabolite of membrane phosphatidylcho- 
line, accumulates rapidly during cardiac ischemi 
in animals.'-+ The i importance of LPC in the pathogene- 
sis of ischemic injury in man is unclear because myocar 
dial concentrations of lysolipids vary markedly between 
species? and LPC accumulation has not been prev: 
ly decumented in ischemic. human hearts. Thus we 
sought to determine whether LPC accumulation oc 
in the coronary sinus during atrial pacing in huma 


METHODS 

Twenty male patients undergoing diagnostic co 
nary sinus pacing stress tests were enrolled in the stu 
Their mean age was 60.8 + 2.3 years (range 40 to 80). 
Informed consent for this study was obtained from all 
patients. All patients also underwent right- and left-si 
ed heart catheterization and coronary arteriograph 
Cardiac medications were discontinued 24 hours be 
stress testing. Pacing began at the sinus rate and 
increased by 20 beats/min every 2 minutes un 
rate reached 160 beats/min or until angina acco: 
nied by ischemic changes on the electrocardiogram 
veloped. Intravenous atropine was administered if a’ 
ventricular conduction block developed before an: 
end points were observed. Stress tests were classifi 
positive if >1.0 mm ST-segment depressions were n 
or if coronary sinus lactate consumption decreas 
peak pacing rate. 

One-milliliter samples of whole blood were collect 
from the coronary sinus at 2-minute intervals for a tol 
of 30 minutes. Samples were drawn into dry's 
immediately transferred to glass tubes containin 
trate (100 ul) and centrifuged; 100 yl-of the plasma 
added to 3 ml chloroform:methanol (1:2) and cent 
fuged to remove denatured protein, The supernata 
was extracted and phospholipids were separated 
high-performance liquid chromatography.® Yield of 
added LPC (internal standard) was increased to 99% by 
repeated extractions (3) of the denatured protein pellet. 
Phospholipids were quantified by a modified Chen 
phosphate assay.? The assay could detect 2.0 nmol of 
LPC added to 100 ul of normal human plasma. | 
concentration in peripheral venous blood of 8 no 
volunteers was 55.3 + 8.6 uM. This was not signifi 
ly different from LPC concentration in peripheral 
nous, arterial or coronary sinus blood at rest or during 
atrial pacing at the sinus rate in patients unde: oing 
atrial pacing stress tests: 

Coronary sinus blood flow was measured ; 

) q: tes 


| ysophosphatidylcholine (LPC), an arrhythm 
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technique using the Baim coronary sinus catheter and 
analyzer system (Elecath, Inc.). 10 Lactate consumption 
-{(arterial lactate-coronary sinus lactate) X coronary si- 
s blood flow] was measured in the last 11 pa- 
ients:!™!? In 4 patients, simultaneous great cardiac vein 
slood flow was also measured. All waveforms used for 
k nalysis showed the phasic pattern characteristic of cor- 
; onary sinus and great cardiac vein blood flow. 
-Results are expressed as the mean + the standard 
error, Student’s ¢ test for unpaired samples and the 
Mann-Whitney nonparametric U test were used to test 
differences between group means for single compari- 
sons. Tukey’s honestly significant difference was used 
when group means were compared at >2 time points. 
Differences from baseline within a group were tested 
using Student’s ¢ test for paired samples. Values for p 
are those for single-tail tests with a p value <0.05 indi- 
cating a statistically significant difference. 


: RESULTS 

‘Coronary sinus LPC concentration increased in 14 
patients with positive stress tests (Table I) from 69.1 + 
.3 uM at baseline to 178.0 + 18.0 uM at peak pacing 
0.001). In contrast, coronary sinus LPC concentra- 
did not increase significantly in 6 patients with neg- 
ative stress tests from 60.8 + 7.8 uM at baseline to 70.2 
E 7.6 uM at peak pacing (difference not significant). 
The rate of coronary sinus LPC accumulation (increase 
coronary sinus LPC concentration X coronary sinus 
blood flow) during peak pacing was 18.2 + 4.6 umol/ 
in 8 ischemic patients and only 0.9 + 0.6 pmol/min 








eens ess ests in 20 Patients. oe 


Lab = left anterior descending artery; LC = left circumflex artery; LPC = lysophosphatidyicholine; RCA = right coronary artery. 


in 5 patients with negative stress tests (p <0.01). LPC _ mans. Coronary inus LPC 


7 rcail only in the oronary | sinus, ı not in mired y ve- i 
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45.4 202.1 — 
75.6 213.8 — 
74.9 273.4 = 
38.8 108.4 —— 
39.8 130.3 — 
573 81.2 —— 
86.9 205.7 21.3 
93.2 129.3 47 
60.3 108.7 6.8 
64,8 188.2 17:3 
70.6 262.8 46.9 
92.5 287.3 19.5 
190.7 188.6 17.4. 
54.3 112.3 12.0 
33.0 40.0 ~ 











































nous or arterial blood. Levels of phosphatidylcholine did 
not change significantly. e 
Coronary sinus LPC concentration in patients with 
positive stress tests increased significantly after only 4 
minutes of pacing ([to 101 71+9.0 „Mp <0.01] Figure 
1). The rate of increase of coronary sinus LPC concen- 
tration between 4 and 10 minutes of pacing in patients 
with positive stress tests was linear and fit best by the 
function y = 10.084x + 62.967. Coronary sinus LPC 
concentration in patients with positive stress tests 
reached maximal levels at peak pacing rate and slowly 
declined after the cessation of pacing (Figure 2) o. 
To better localize the source of LPC, rates of coro- 
nary sinus and great cardiac vein LPC accumulation at __ 
peak pacing (increase in LPC concentration X blood > 
flow) were measured simultaneously in 4 patients. The 
great cardiac vein empties into the coronary sinus and 
predominantly drains myocardium supplied by the left 
anterier descending artery. In a patient with left anteri- 
or descending artery disease, 97% of total LPC accumu- 
lation at peak pacing was of great cardiac vein origin. In 
contrast, in 2 patients with circumflex and or right coro- < 
nary artery disease, only 23 and 35%, respectively, of =; 
total LPC accumulation at peak pacing were of great _ 
cardiac vein origin. In a patient with 3-vessel. disease, 
45% of total LPC accumulation at peak pacing was a : 
great cardiac vein origin. oe 


DISCUSSION 
Coronary sinus LPC accumulation appears to be : 
sensitive, specific and early marker of ischemi inh 






















SA TI 3 ue ae 








and preceded clinical indicators of ischemia. LPC in- 
creased only in patients with positive stress tests and 
only in venous effluents from the myocardium. The 
specificity of LPC accumulation for ischemia is further 
suggested by the results obtained by selective catheter- 
ization of the great cardiac vein. For example, in a pa- 
tient with left anterior descending artery disease, LPC 
concentration was higher in the great cardiac vein than 
in the coronary sinus where it was diluted by nonisch- 
emic effluent. In contrast, in 2 patients with positive 
stress tests, but without significant disease of the left 
anterior descending artery, LPC accumulated in the 
coronary sinus, but only minimal quantities of LPC 
could be detected in the great cardiac vein. Further 
studies are needed to confirm that LPC release is a 
marker of regional ischemia. 

The degree of LPC accumulation in the coronary 
sinus may reflect the severity of ischemia. For example, 
the 3 patients in our study with the highest net LPC 
accumulation all had severe ischemia manifested by 
either marked electrocardiogram or hemodynamic 
changes. No patients in our study had arrhythmias, so 
we cannot make any conclusion regarding the role of 
LPC in the pathogenesis of ischemic ventricular ar- 
rhythmias in patients. Further investigations with addi- 
tional endpoints (such as change in ventricular function 
and degree of thallium redistribution with ischemia) are 
needed to determine whether the degree of coronary si- 
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FIGURE 1. Coronary sinus lysophosphatidylcholine (LPC) con- 
centration during atrial pacing. Mean values for coronary si- 
nus LPC concentration versus time are plotted separately for 
14 patients with positive stress tests and 6 patients with neg- 
ative stress tests. In patients with positive stress tests, mean 
coronary sinus LPC concentration increased significantly with- 
in 4 minutes (p <0.01). 


nus LPC accumulation is a marker of the extent as well 
as the presence of ischemia. 

Coronary sinus LPC accumulation during pacing-in- 
duced ischemia most likely results from inhibition of 
LPC metabolism. LPC, a product of phospholipase A3- 
mediated hydrolysis of membrane phosphatidylcho- 
line,!> is itself rapidly metabolized.!4!5 Ischemia results 
in inhibition of these normal pathways of LPC metabo- 
lism in the myocardium in animal models!4!5 that per- 
mits lysolipid accumulation. Catecholamine-mediated 
activation of phospholipase A> may also predispose to 
LPC accumulation, but this is unlikely to have been the 
sole mechanism leading to LPC accumulation in our pa- 
tients because coronary sinus phosphatidylcholine did 
not decrease. Furthermore, atrial pacing stress appears 
to augment sympathetic tone more in control subjects 
than in ischemic patients,'® whereas in our study LPC 
increased in ischemic patients but not in control sub- 
jects. Plasma proteins bind LPC.! Because protein bind- 
ing may represent a mechanism for washout of LPC 
from ischemic myocardial tissue, we cannot be certain 
of the concentration of free LPC in the ischemic zone in 
our patients. 

The purpose of our study was not to determine 
whether LPC is a mediator of ischemic injury. There is 
considerable experimental evidence, however, to suggest 
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FIGURE 2. Coronary sinus lysophosphatidylcholine (LPC) con- 
centration and lactate consumption in 14 patients with posi- 
tive stress tests at baseline, at peak pacing and 30 minutes af- 
ter onset of pacing. Coronary sinus LPC concentration was 
highest and lactate consumption was lowest at peak pacing. 

* p <0.01 compared to pre- and postpacing. 
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hus, LPC, a possible mediator of myocardial i inju- 
umulates rapidly in the coronary sinus during 
ic ischemia induced by atrial pacing in patients 
ronary artery disease. We hypothesize that coro- 
nary sinus LPC accumulation represents washout of 

PC produced in ischemic myocardium. Thus, LPC 
may accumulate in the myocardium during cardiac 
mia in quantities sufficient to contribute to the 
pathogenesis of ischemic injury in man. 
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a 
al, hemodynamic and coronary angiographic mon. Inthe Framingham study, for example, ST- 
from 9,801 patients were evaluated to deter- changes were detected in 8.5% of men and 
e correlates of ST-segment depression, with 7.7% of women,' whereas in a study of over 18,000 male 
hou | T-wave inversion, on the resting routine civil servants reported by Rose et al,” ST depression was 
r am. The relative risk (RR) of having noted in 2.6% of those aged 60 to 64 years. These elec- 
measured clinical or angiographic variable was trocardiographic changes have been associated with in- ie 
computed whether or not ST-T-wave abnormalities creased risks of death and morbidity from coronary ar- 
ere observed. ST-segment depression was seen tery disease in subjects without as well as with döcu- 


C eea and T-wave abnormalities are com: 


as more often in subjects >55 years of mented heart disease.!3-? Because of this relation, 
age (RR = 1.4) who were women (RR = 1.3) or others have sought to identify the clinical and risk f. 
nonwhite (RR = 1.5), were hypertensive (RR = tor correlates of electrocardiographic changes. Paran 
8), had diabetes mellitus (RR = 1.6) or who ters associated with ST-T-wave abnormalities hayi 
d cigarettes (RR = 1.5). Angiographic find- cluded increasing age, female gender, elevated bic 
related to presence of ST-T-wave abnormali- pressure, glucose intolerance, elevated cholesterol 
ided severe coronary obstruction (<70%), cigarette abuse.!2!0 Many of these factors are also 
iber of diseased vessels, and the pres- known to promote atherosclerosis.!! The resultant coro- 
obstruction in the left anterior descending nary obstruction could then produce myocardial isch- 
artery. In a multivariate model, the most emia or necrosis that might, in turn, generate the elec- 
cant correlates of ST-T-wave abnormalities trocardiographic abnormality. However, little data are 
were presence of left ventricular contraction abnor- available directly relating the occurrence of resting $ 
__ mality, followed by age, gender, presence of left T-wave abnormalities to the underlying coronary path- 
_ anterior descending coronary artery disease, ele- oanatomy and pathophysiology. It was the specific goa 
vated end-systolic volume index, and a diagnosis of of this study to explore this relation in a large cohort of 
ypertension. Thus, electrocardiographic ST-T ab- subjects undergoing cardiac catheterization. PENET 
normalities has specific and significant clinical and l 
Fathophyslologic correlates. METHODS i 
(Am J Cardiol 1990;66:699--704) The study population was selected from 18,958 pa- a 
tients undergoing cardiac catheterization at the Baptist ae 
Memorial Hospital from 1976 to 1986. Results were in- _ 
terpreted by experienced staff cardiologists to determine 
the presence, location and severity of coronary artery 
obstructions and to measure standard hemodynamic 
and functional variables. a 
Coronary lesions were considered significant if the 
< obstruction was >70% (or 50% of the left main coro- 
nary artery); less severe (<70%) lesions were. catego- 
rized as “mild” obstruction. Ventricular volumes wi 
' computed from single-plane angiograms after injecti 
of contrast material into the left ventricle; a left ventri 
ular contraction abnormality was diagnosed if hypo 
nesia or akinesia was s detected | in z Lof 8 left ventricul 
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with 
No.of Abnormal Relative 
S$T-Segment p Risk (CI)* 
|. All subjects 9801 443 
| Age <55 years 4,278 39.7 <0.001 14 
| Age 255 years 5,523 47.8 (1.3-1.5) 
oot Men 6,237 418 <0.001 13 
wuto Women 3,564 485 (1.2-1.4) 
| White 8,682 43.1 <0.001 15 
Jo Nonwhite 1119 53.4 (1.3-1.7) 
‘Nonhypertensive 5,888 38.4 <0.001 18 
| Hypertensive 3.913 53.1 (1.7~2.0) 
“Nondiabetic 8,743 43.0 <0.001 1.6 
‘Diabetic 1088 546 (1.4-1.8) 
“Nb cholesterol 5116 51.1 0.652 
Elev. cholesterol 2,562 53.0 
“1. Nonsmoker 4210 388 <0.001 15 
£ Je Smoker 5,591 484 (1.4-1.6) 
: * Relative risk of having an ST-T-wave abnormality with 1 alternative for each 1 
characteristic than with the other. All categories with lower contidence limits of >1.0 


were statistically significant. 
Ci = Confidence interval: Elev. = elevated; NL = normal. | 




































No CAD 2511 32.4 TO oc 
Mild CAB 1,759 410 1503-17) 
Severe CAD 5,531 50.7 2.1. (19-24) 
Single coronary artery 2,081 479 P E Ge 
Left anterior descending 1,138 51.1 22 (1.9-2.5) Hue 
Left circumflex 361 427 16(1.2-1.9) po 
Right 582 44.7 17 (1.42.0) ony 
2-Vesse! 1,692 50.5 cP eas 
LAD +LC 621 512 2.2(1,8-26) | > 
LAD + Right 717 523 23I 0] 
LC +Right 354 455 1.7 (1.4+2.2) fo 
3-Vessel 1,233 548 2.5 (2.22.9) 0400 
Left main disease 525 $3.1 2420-29) E 
mo Relative risk of having ST-T abnormality compared to subject without coronary: z " 
artery disease. All categories with a lower corfidence limit of 2.1.0 were statistically: 
SE rona artery disease; Cl = confidence interval, Mild CAD. = <70% 0 
obstruction of any major epicardial artery, severe CAD = 270% obstruction of any) 





major epicardial artery or 250% obstruction of left main artery, LAD = left anterior 
descending artery; LC = left circumflex artery. vs 































Clinical, angiographic, hemodynamic and electro- 
_ cardiographic data were prospectively entered into a 
computerized data base for analysis. Patients with the 
following conditions were excluded: (1) congenital, sig- 
ificant valvular or primary myocardial disease; (2) his- 
ry of prior cardiac surgery; (3) unstable angina pecto- 
ris or acute myocardial infarction on the same admis- 
ion as cardiac catheterization; and (4) bundle branch 
left posterior fascicular block, Woiff-Parkinson- 
hite syndrome, Q-wave myocardial infarction or 
paced rhythm. After these patients were removed, 9,801 
cases remained for study. 
Risk factor information for these patients was deter- 
“mined from the clinical record. Factors examined in- 
cluded history of diabetes mellitus, history of systemic 
hypertension, history of smoking and elevated plasma 
-` total cholesterol. Patients were defined as hypertensive 
if they were receiving antihypertensive medication or 
had a history of systemic arterial blood pressure >160/ 
90 mm Hg. Hypercholesterolemia was defined as a 
_ plasma total cholesterol of 2240 mg %. A diabetic was 
defined as a patient with a history of diabetes mellitus 
-or treatment of hyperglycemia. 
For each clinical, hemodynamic or angiographic 
variable, the relative risk (RR) of having an ST-T ab- 
-normality with than without the factor (e.g., hyperten- 
"give versus nonhypertensive) was computed, along with 
the 99% confidence interval (CI). If the CI did not cross 
‘unity, the increased risk of ST-T abnormality with an 
abnormality was statistically significant. 
Analysis of the independent contribution of each of 
multiple parameters to the occurrence of ST-T abnor- 
malities was assessed using a stepwise multiple linear 
‘regression model. The dependent variable was the pres- 
ence or absence of an ST-T abnormality; independent 


X 


<0.01 to enter). — 


variables were added or deleted from the model at each 
step based on the resultant reduction in variance (p fl 
oe ee 1d). Those with anterior descending plus 
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RESULTS en 
Clinical features of the 9,801 patients are described 
in Table I; 63.6% were men, 88.6% were white, and the _ 
average age was 56 years (mean + standard deviation 
11.4). Hypertension, diabetes and hypercholesterolemia 
were found in 39.9, 10.8 and 26.1%, respectively, where- 
as a history of cigarette abuse was found in 57.0%. = 
Univariate correlates of ST-T abnormalities: An- 
ST-T abnormality was detected in 44.3% of all subjects, 
and was significantly more prevalent in older patients, — 
women and nonwhite subjects than in those <55 years 
of age, men and whites. ST-T abnormalities were also _ 
more common in smokers and in those with diabetes or 
hypertension. In contrast, an elevated total cholestere 
did not significantly increase the likelihood of exhibiting 
an ST-T-wave abnormality. eee 
Angiographic correlates of ST-T-wave patterns are 
listed in Table I] and graphically depicted in Figure 1. _ 
More patients with significant coronary disease had 
ST-T abnormalities than did those with mild disease, _ 
whereas those with mild disease were more likely to- 
have abnormalities than were those with normal vessels. 
Similarly, the likelihood of having ST-T abnormality in- 
creased with increasing number of vessels obstructed. 
Within subsets of patients with either 1- or 2-vessel 
disease, the presence of a significant obstruction in the 
left anterior descending artery increased the prevalence 
of ST-T abnormalities (Table II, Figure 2). In patients 
with 1-vessel disease, a significantly higher percentage _ 
of patients with an anterior descending lesion had ST-T 
abnormalities than did those with either a circumflex _ 
(RR = 1.4, CI = 1.1-1.8) or right (RR = 1.3, CI =~ 
1.1-1.6) coronary lesion. In subgroups with 2-vessel dis- — 
ease, those with an anterior descending lesion in combi- 
nation with a right coronary lesion had a higher likeli- q 
‘hood of ST-T abnormality than did those with circum 
CI 

























‘flex plus right coronary lesions (RR = 1. 





% with 
- Abnormal 
ST-Segment 


Relative 
Risk (Ci) 


1.5 (1.3-1.6) 


Characteristic 
SVI <34 mi/m? 

PESVEZ34 m/m? 

“EDVE<90 mt /m? 
“ft EDVE 290 mi /m? 
SL SVWI<34 mi/m?2 

1 SVi234 ml /m? 
EF =50% 
EF 31-49% 


1.3(1.2-1.5) 


1.1 (1.0-1.2) 


1.8 (1.5-2.1) 
1.4(0.9-2.1) 
s 1.3 (1.2-1.5) 
LVEDP. 215 mm Hg 
Normal LV contraction 
“Abnormal LV contraction 


, 1.9 (1.7-2.0) 
3,439 
= confidence interval; EDVI = left ventricular end-diastolic. volume; EF = left 


ventricular ejection fraction; ESVI = left ventricular end-systolic volume index: LV = 
lett ventricle; LVEDP = left ventricular end-diastolic pressure; SVI = stroke volume 


obstruction also had a higher incidence of ST-T abnor- 
malities than did those with circumflex. plus right coro- 
nary artery abnormalities, although the difference was 
not significant (p = 0.06). 
_. The prevalence of ST-T abnormalities in patients 
th 3-vessel disease was compared to that with other 
atterns.. The prevalence was not significantly higher 
those with anterior descending lesions alone 
‘1.2, CI = 0.8-1.4) or in combination with either 
FC ex (RR = 1.2, CI = 0.9-1.4) or right (RR = 
, CI = 0.9-1.3) coronary artery obstructions. How- 
ver, the prevalence was significantly higher than in 
ose with right plus circumflex lesions (RR = 1.5, CI 
= 1,2-1.8). 
Functional abnormalities are listed in ‘Table HI. 
_ ST-T abnormalities were more common in subjects with 
< abnormal left ventricular contraction, elevated left ven- 








pwi 
A Factors Predic ng st T- Wave Patte 


“Standardized 


Factor Coefficient = 


Abnormal LV contraction 
Age 

Gender 

LAD narrowing 
End-systolic volume index 
Systemic hypertension 


* Significance of F test to remove from the model. 
LAD = left anterior descending coronary artery; LV = left ventricular. 


tricular end-diastolic pressure, reduced ejection fraction, — 
or increased end-systolic or end-diastolic ventricular. vol- 
ume indexes. 

Multivariate correlates of ST-T abnormalities: Step- 
wise regression analysis was performed to determine _ 
which of these clinical and pathophysiologic variables 
were significant independent predictors of an abnormal | 
ST-T wave (Table IV). Independent variables included 
clinical (age, race, gender), risk factor (systemic hyper- 
tension, hypercholesterolemia, diabetes mellitus, smok- 
ing history), angiographic (presence or absence of ante- 
rior descending, circumflex, right, or left main coronary 
artery lesions) and functional (end-systolic and end-dia-. 
stolic volume indexes, ejection fraction, and presence o 
abnormal left ventricular contraction pattern) param 
ters. For this analysis, cases with mild stenoses (<70%) 
were excluded. 

Of these variables, 6 were. determined to have stat 
tically significant, independent value in predicting the 
presence of ST-T abnormalities. The most significant. 
predictor was the presence or absence of a left ventric 
lar contraction abnormality. This single measure pro- 
duced a sensitivity of 54%, a specificity of 61%, a posi- 
tive predictive value of 43% and a negative predictive 
value of 71%. 




















der, presen of die | in the left anterior ‘descending i | 


_ coronary artery, end-systolic volume index, and diagno- 
sis of systemic. hypertension: When these 6 variables 
_ were used, an accurate classification of 60.4% of cases, 
with a sensitivity of 59.4% and an specificity of 61.4%, 
“Was permitted. 
The multivariate model was reconstructed after ex- 
-clusion of 745 patients with an electrocardiographic di- 
-agnosis of left ventricular hypertrophy. Diagnosis of left 
ventricular hypertrophy was made by a point score tech- 
: nique based on precordial lead QRS amplitudes adjust- 
-ed for age or limb lead amplitudes (R in lead I >1,300 
pV or R in lead aVL >1,100 xY). The stepwise regres- 
-sion procedure again selected 6 variables as significant 
independent predictors of ST-T abnormalities (p 
- <0.0001). Five—left anterior artery disease, age, gen- 
“der, presence of contraction abnormalities and history 
of hypertension—were the same as when patients with 
eft ventricular hypertrophy were included. However, 


end-systolic volume index abnormalities was not select- 


ed and end-diastolic volume index was chosen. 


DISCUSSION 
<;o The ST-T wave is generated, during sinus rhythm, 
‘by transmural differences in the repolarization proper- 
_ ties of the ventricles.'!3 Under normal conditions, en- 
_ docardial action potentials are of longer duration than 
care epicardial ones, so that recovery of the outer wall 
precedes that of the inner wall. Extracellular systolic 
-current then flows toward the epicardium resulting in 
_ the normally positive ST-T wave. 
This normal gradient is perturbed by ischemia.'*!° 
One electrophysiologic effect of ischemia is to shorten 
the duration of the action potential. Because ischemia 
` tends to be more severe in the endocardial than epicar- 


dial layers,'®!” action potentials in the inner wall be- 


come shorter than those near the epicardium. This re- 
- versal of the normal systolic transmural recovery gradi- 


: ent generates depressed ST segments and T-wave 
“inversions. Diastolic injury currents, generated by re- 


duced resting potentials in ischemic areas and directed 


away from the endocardium, likewise contribute to ST 
oe depression. 14,18 


Previous reports have described a higher incidence of 
_ ischemic events during follow-up of patients with than 
` without ST-T shifts.” The worse prognosis is common- 
ly considered to reflect extensive coronary disease.°’ 
_ Reported studies have provided some direct evidence 
that ST abnormalities do relate to more extensive dis- 
ease; Humphries et al’ reported higher angiographic 
scores in those with than without ST-T-wave abnormal- 
ities. However, it is also known that extensive coronary 
disease can exist with a normal electrocardiogram.'” 
-Other studies have described the clinical and angio- 
a graphic correlates of transient ST-T-wave abnormalities 


_. in patients with unstable angina pectoris. Most have re- 
-~ ported a high prevalence of extensive coronary dis- 
- ease*!; such patients may be expected to have more 


o severe disease and poorer deft ventricular function than 
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and ef r main coronary artery disease 

waves,” : 
aka factors: Increasing ‘age, eigaretie smoking, 
glucose intolerance and hypertension all predispose to 


coronary atherosclerosis and thus may be anticipated to 


increase the likelihood of ST-T changes (Table I). Pre- ve 
vious studies have similarly identified these vari- 


ables.!2!° For example, Rose et al? detected ST depres-__ 


sion in 0.71% of men aged 40 to 49 years but in 2.64% _ 
of those aged 60 to 64 years. 
An increased prevalence in women has also been de-. 
scribed by some! but not all! observers. In a report by 
Liao et al,!° the prevalence of ST-T abnormalities was. 


greater in women than in men, possibly related to find- 


ings that autonomic imbalance occurred more frequent- — 
ly, ischemia was seen without coronary atherosclerosis, 
and so forth. The higher prevalence in nonwhites may 


relate to a higher prevalence of other risk factors (e.g., 4 


hypertension), or to the same but unknown factors that. 
increase the likelihood of the so-called “juvenile T- 
wave” pattern in these groups.” a 


Angiographic patterns: Angiographic factors were | 7 
consistent with the hypothesis that the prevalence of 
ST-T abnormalities increases with increasing isch- _ 


emia.°’ Thus, the prevalence increased with the degree _ 
(mild versus severe) and extent (number of vessels) of — 
obstruction. 

A significant percentage of patients with ST-T ab- 
normalities had only mild coronary disease or no dis- 
ease. This was true even in this population referred for 
catheterization and who, presumably, had a high a prio- 
ri risk of having ischemic disease. When viewed in the 
context of Baye’s theorem, these data would then sug- 


gest that in patients not considered clinically to be at oe 


high risk for significant disease, the electrocardiograph- 
ic finding may have a low predictive accuracy. 

The second new finding of this study is the promi- 
nent increase in the prevalence of ST-T changes with 
significant anterior descending artery disease, whether 
in 1- or in 2-vessel disease patterns. Indeed, presence of. 
isolated anterior descending disease was associated with 
as much ST-T abnormality as was 3-vessel disease. The 
significance of anterior descending disease was likewise 
supported by multivariate analysis; the presence or ab- 
sence of an anterior descending lesion was 1 of 6 impor- 
tant variables associated with ST-T abnormalities. 

The special importance of obstruction in the anterior | 


descending artery is consonant with prior clinical data. 


de Zwaan et al?*?’ reported that, in patients with unsta- 


ble angina, the presence of ST-T abnormalities in leads _ 
V, and V; is indicative of an anterior descending lesion. 
In all of 180 patients with this electrocardiographic pat- 


tern, the anterior descending artery was obstructed and _ 
in 75 the anterior descending lesion was the only abnor- __ 


mality.”” In another report by Haines et al, 28 new ante- 







rior T-wave inversion during unstable angina had 80% 
predictive accuracy for anterior descending « coronary ar 
my disease. False negative © exercise test Teale are a 





















coronary artery obstructions," and Mevslonpicnt of 
ed ST depression during exercise is more common 
ith anterior descending disease.>2 
_ Animal studies have also suggested that less isch- 
emia in the anterior descending bed is needed to pro- 
duce: ST-T abnormalities than in the circumflex bed 
+ and, for a given degree of ischemia, the magnitude of 
© ST depression is greater for anterior descending than 
_ for circumflex obstructions.'? Total occlusion of the an- 
terior descending artery in the dog also produces more 
-extensive infarction than does occlusion of the circum- 
-flex artery,” whereas reductions in flow in that vessel 
; result in more severe reduction in left ventricular func- 
tion than do decreases in circumflex flow.*4 
Thus, lesions in the left anterior descending artery 
- produce greater functional derangements in a variety of 
~ settings. Biophysical explanations center around the lo- 
_ cation of the anterior descending bed within the thorax. 
~ The more eccentric position of the perfusion bed within 
the chest reduces the distance from the ischemic zone to 
_ the recording electrodes on the chest wall, increasing 
_ the relative strength of the sensed electrocardiographic 
< events. The anterior location of the affected perfusion 
_ bed results in ST-T abnormalities that would be project- 
zed to the anterior chest wall (i.e., the region from which 
cardiac potentials are regularly recorded), In contrast, 
tentials from lateral or posterior areas would project 
torso regions not routinely sampled. 
Physiologic explanations focus on functional differ- 
_-ences between the coronary perfusion territories. Collat- 
eral resistance is higher?5 and flow lower to the anteri- 
_ or descending than to other beds, decreasing the physio- 
_ logic compensation for a lesion in the native vessel. 
_ Increased sensitivity to a-adrenergic stimulation in the 
anterior bed may further reduce flow.>’ 
Functional abnormalities: The presence or absence 
: of a left ventricular contraction abnormality was the 
first variable entered into the multivariate model. How- 
_ ever, a significant number of patients. without ST-T 
_ changes did have abnormal contraction patterns. This 
finding is also in agreement with those of prior studies. 
For example, Hilsenrath et al reported a significant 
prevalence (34%) of asynergy in patients with normal 
_ QRS but abnormal T-wave patterns, and a lower (28%) 
but still significant prevalence if QRS and T waves were 
«normal. Lindvall and Rehnqvist3? reported no relation 
_ between ST patterns and ventricular function =10 days 
„after infarction. Swartz et al, however, found normal 
contractile patterns in 52 of 55 patients with normal 
electrocardiograms, and O’Keefe et al“! reported nor- 
mal ejection fractions in 95% of patients without ST-T- 
_ wave abnormalities. 
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shanges in iameter of Coronary Narro ings 
and Translesional Hemodynamics After 
Intracoronary Nitroglycerin 


Brian P. Kimball, MD, Sanh Bui, BSc, and Nick Dafopoulos, BASc 


The effect of intracoronary nitroglycerin on coro- 
-nary stenosis dimensions and translesional hemo- 

_ dynamics was evaluated in 38 subjects (74 steno- 

_ ses) referred for diagnostic coronary arteriography. 
. Quantitative coronary arteriography was per- 


equations used to estimate transstenotic gradients. 
| Since intracoronary nitroglycerin can induce signifi- 
~ cant myocardial hyperemia (increased flow veloci- 
_ ty), with increased translesional pressure gradients 
< and a decrease in distal intraluminal pressure, the 
‘potential effect on subendocardial flow distribution 
was also analyzed. Minimum stenotic diameter sig- 
_ nificantly increased postnitroglycerin (NTG) 
| (preNTG 1.42 vs postNTG 1.82 mm, p <0.01), 
decrease in relative percent diameter steno- 
(preNTG 45.7 vs postNTG 40.7%, p <0.05). 
changes in minimum stenotic diameter were 
zed according to stenosis severity (quartiles), 
the greatest effect was noted in those lesions with 
the least severe stenosis (quartile no. 1, 0.49 vs 
quartile no. 4, 0.32 mm, p <0.05). If coronary 
_ blood flow velocity remains at baseline values (4 
cm/s), intracoronary nitroglycerin was predicted to 
significantly decrease transstenotic pressure gradi- 
ents (preNTG 1.01 vs postNTG 0.82 mm Hg, p 
- <0.05), with the greatest change shown in severe 
lesions (quartile no. 4, preNTG 3.79 to postNTG 
2.28 mm Hg, p <0.01). Accelerated coronary flow 
- velocity (myocardial hyperemia) increased calculat- 
ed translesional pressure gradients (4 cm/s, 0.82 
mm Hg vs 20 cm/s, 8.00 mm Hg, p <0.01), despite 
simultaneous stenotic vasodilation. Hemodynamic 
` obstruction was particularly dependent on coronary 
_ flow velocity in the most severe stenoses (quartile 
: 4, 4 cm/s, 2.28 vs 20 cm/s, 28.78 mm Hg, p 
-<0.01). Therefore, intracoronary nitroglycerin 
: causes significant stenosis vasodilation, which un- 
- der baseline (resting) conditions would partially al- 
: leviate hemodynamic obstruction. However, since 
_ this medication also produces transient increased 


the Cardiovascular Investigation Unit, The Toronto Hospital 
| Division), and the University. of Toronto, Toronto, Ontario, 


study was cai by the Heart and Stroke Foundation 


coronary flow velocity (myocardial hyperemia), 
transstenotic pressure gradients may actually in- 
crease, with the potential for transmyocardial flow 
maldistribution and subendocardial ischemia. 
(Am J Cardiol 1990;66:705--709) 


in the treatment of acute myocardial ischemia. 

Despite continued debate as to its precise mode 
of action after systemic administration (decreased ven- 
tricular wall stress or increased coronary blood flow),!2. 
the advent of soluble formulations has expanded its use- 
fulness within the cardiac catheterization laboratory 
Nitroglycerin is commonly infused directly into the cor. 
onary arteries. to improve “visualization” of distal ves 
sels and to assess dynamic coronary tone.? Most com- 
monly, however, intracoronary nitroglycerin is used to. 
alleviate ongoing, acute myocardial ischemia in patic 
with critical coronary stenoses. Despite its universal ; 
plication in this context, little information is curren 
available as to the quantitative effects of intracoronary. ; 
nitroglycerin on coronary stenoses or its direct effect on- 
transstenotic coronary hemodynamics. In addition, be- 
cause relatively high doses (200 ugm) of intracoronary 
nitroglycerin can produce vasodilation of distal resis 
tance vessels,+° with increased coronary flow velocity 
(hyperemia) and greater transstenotic pressure gradi- 
ents, possible changes in transmural flow distribution 
are discussed. 


Nite remains of fundamental importance _ 


METHODS 
Patient population: We studied 38 patients, 26.men.. 
and 12 women, with an average age of 57 years (range 
36 to 73 years), referred for diagnostic coronary. arteri. 
ography. A total of 74 proximal coronary stenoses were 
evaluated. Thirty-one stenotic segments were located in 
the left anterior descending coronary artery, 24 stenoses 
in the circumflex coronary artery, while 19 stenoses 
were in the right coronary artery. Subjects were exclu 
ed if presenting with an acute ischemic syndrome (u 
stable angina pectoris or myocardial infarction) or coul 
not be withdrawn from sustained acting nitrates or cal- 
cium antagonists. The protocol was approved by the 
Committee for Research on Human Subjects a s 


ronto Hospital). 
Procedure: | 





raphy Speelorncd using nonionic contrast media 
o ekal, 350 mgl/ml), and was preceded by a single, 
standard left ventriculogram (45 ml contrast media). 
Preliminary review of coronary anatomy via a videotape 
replay system allowed identification of stenoses suitable 
yr quantitative coronary arteriography. Magnified cor- 
nary arteriography was provided by a 5-inch image in- 
nsifier, with minimization of pin-cushion distortion by 
ecisely centering the stenosis within the radiographic 
eld of view. While monitoring heart rate and systemic 
aortic pressure, coronary arteriography was repeated, 
using the projection that best delineated stenosis length 
and severity. Optimal coronary arterial opacification 
was achieved using a manual injection system. After ob- 
serving a 5-minute stabilization period, intracoronary 
nitroglycerin was administered (total 200 ugm, concen- 
ation 40 ugm/ml) over 30 seconds, with repeat coro- 
ry opacification in an identical radiographic view. 
bjects remained motionless throughout this interval, 
ithout alteration in image intensifier or table height to 
sure constant magnification. 
Quantitative coronary arteriography: A single ra- 
raphic frame was chosen for quantitative analysis.° 
This frame consisted of an optimally opacified segment 
during cardiac diastasis (diastole), with minimal motion 
act. To eliminate vessel foreshortening, the view 
showing the lesions’ maximal length was selected. Ko- 


dak (8 X 11 inches) duplicating film was used to obtain 
hard copy of this single frame and the luminal border 
manually traced from the proximal “normal” to 
distal segment. These images were magnified (3X), and 
center line with 1-mm perpendicular coordinates was 
nerated using an image-processing computer (Kon- 
tron Cardio-200) and magnetic graphics tablet. Known 
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for n distortion was a 
vious experience has. shown minimal variance 
the image intensifier (Optilux 27HD-Triplex, Siemens) 
used in this study. ; 
Transstenotic fluid dynamic calculations: Based on 
classic Newtonian fluid dynamic equations. previously 
published, 8 absolute stenoses dimensions were used 
calculate translesional hemodynamics. These calcul 
tions presumed blood flow to be well developed and 
laminar in nature, because previous calculations of 
Reynold’s number were markedly below the turbule 
level (<1,200). Coronary stenosis resistance was consi 
ered to represent an integrated function of viscous inter- 


action throughout the stenosis length and kinetic energy : : 
losses (separation) at the exit angle. For the purposes of = 


calculation, absolute stenotic dimensions were converted: 
to area by assuming a circular cross-sectional profile... 
The actual fluid dynamic equation for determining 
pressure loss (gradient) across stenoses is noted inthe 
following formula: A pressure = 8r uL/A X V(A,) + 
p/2[1/As ~ 1/An] ? X [V(A,)]*, where A, = steno 
area, A, = normal area, L = stenosis length and Vv 
flow velocity. 

Blood density (p) equalled 1.05 g/cm? with: absolute 


values of blood viscosity (u) calculated using published 


data om the relation between red cell volume (hemato- 
crit) and relative viscosity.” Baseline coronary flow ve- 
locities were assumed to equal 4 cm/s, which is a value 
consistent with measured flow velocities within our 
catheterization laboratory using a 20-MHz intracoro- 
nary Doppler velocity probe (Millar Instruments: Inc.). 


Maxima! coronary flow velocity was assumed to equal | : 
20 cm/s (5 X baseline) and is similar to published __ 


data! im human subjects. 
Statistics: Changes in minimum lumen diameter, 
percent diameter stenosis and calculated translesional — 
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ressure gradients, for all stenotic segments analyzed cc 





To assess the influence of intracoronary nitro- 
ycerin on lesions of differing hemodynamic severity, 
entire group was divided into quartiles, based on 
“minimum lumen diameter. Individual and group re- 
_ sponses were compared using parametric statistics (7 
test) with rejection of the “null” hypothesis (groups 
equivalent) if p <0.05. 









_ RESULTS 
Clinical: The study was well tolerated, with no ad- 
: yerse effects observed. Transient ST segment or repo- 
-larization abnormalities were commonly observed and 
-= were consistent with the intracoronary injection of ra- 
- diographic contrast media. In the absence of precordial 
_ chest discomfort, these changes were not considered di- 
< agnostic of myocardial ischemia. Intracoronary nitro- 
_ glycerin (NTG) resulted in a modest decrease in mean 
-systemic aortic pressure (preNTG 103.0 vs postNTG 
- 83.7-mm Hg, p <0.05), with no changes in intrinsic 
“heart rate (preNTG 64.2 vs postNTG 64.5 beats/min, 
‘difference not significant), No subject required an inter- 
‘vention (e.g., IV saline) for transient hypotension. 

<7: Quantitative arteriography: Considering all coro- 
nary stenoses (n = 74), the average minimum stenotic 
diameter equalled 1.42 + 0.61 mm, with the entire 
p divided into equal quartiles of increasing severity 
ased on minimum stenotic diameter (quartile no. 1, 

5 + 0.37, quartile no. 2, 1.61 + 0.14, quartile no. 3, 
2 £0.12 and quartile no. 4, 0.73 + 0.13 mm). Intra- 
_ coronary nitroglycerin significantly increased minimum 
stenotic diameter (preNTG 1.42 mm to postNTG 1.82 
mm, p <0.01), thus representing an absolute change 
equalling 0.39 mm. Figure 1 shows changes in mini- 
mum stenotic diameter, according ‘to initial ‘stenosis se- 
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74), are presented as mean values with standard devi- 






lesions rapid o to varying re When vasodilatio 
is expressed i in relative terms, intracoronary nitrogl: 
cerin consistently decreased percent diameter stenosi 
(preNTG 45.7% vs postNTG 40.7%, p <0.05). Figure 2 
shows changes in relative. percent stenosis after nitro-. 
glycerin as a function of initial severity. As might be 
anticipated, the greatest changes are noted in the least. 
severe narrowings, while the most severe stenoses (quar- 
tile no. 4) actually showeda slight increase in relative 
obstruction (quartile no: 4, +1.12%). This apparent “in- 
crease” in stenosis. severity is probably secondary to 
greater pharmacologic vasodilation in the “normal” ref- 
erence segment of the proximal coronary artery. p 
Calculated . transstenotic hemodynamics (baseline 
flow velocity): Figure 3 shows changes in calculated 
translesional pressure gradients, before and after intra- 
coronary nitroglycerin. A significant decrease in trans- 
stenotic pressure gradient is predicted (preNTG 1.10 to. 
postNTG 0.82 mm Hg, p <0.05), thus representing a 
25.4% decrease in the severity of hemodynamic obstruc- 
tion. Figure 4 shows the resultant changes in transsten-. 
otic pressure gradient according to initial stenosis sever- 
ity (quartiles). Intracoronary nitroglycerin failed to sig- 
nificantly alter translesional gradients within the 2 least 
severe categories (quartiles no. 1 and 2), while substan 
tial decreases in pressure gradients were observed in the 
more severe lesions (quartile no. 3, 0.49 vs 0.35 mm Hg 
p <0.01 and quartile no, 4, 3.79 vs 2.28 mm Hg, both p 
<0.001). Assuming baseline flow velocities are equa 
4 cm/s, this represents a modest, absolute decrease in: 
transstenotic pressure gradient equal to 0.14 mm H 
and 1.51 mm Hg; respectively. a 
Calculated transstenotic hemodynamics (increased 
flow velocity): Because transstenotic pressure gradients 
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proaches physiologic limits (5 X baseline). Figure 6 
hows the relation between severity of coronary stenosis, 
-as determined by minimum stenotic diameter and in- 
tantaneous flow velocity in the creation of translesional 
sure gradients. Insignificant transstenotic pressure 
gradients are uniformly predicted if coronary flow ve- 
ty remains at. baseline values (4 cm/s). However, as 
onary flow velocity increases during nitroglycerin-in- 
ced myocardial hyperemia, a series of pressure curves 
can be generated suggesting exponential increases in 

_ transstenotic pressure gradient. 


Quantitative changes after nitroglycerin: Previous 
studies with nitroglycerin, as administered by a variety 
_ of routes, have shown significant vasodilation of epicar- 
dial coronary arteries: In.a study made up of 20 patients 
with coronary artery disease, Bachmann?! observed a 
15% increase in coronary diameters (2.40 to 2.56 mm) 
after oral nitroglycerin spray (0.8 mg). Rafflenbeul,'* 

owever, observed a variable response to sublingual iso- 
ide dinitrate (5 mg) with only some segments un- 
dergoing vasodilation. Methodologic difficulties, includ- 

x the use of a vernier caliber measurement device to 

asure coronary dimensions, could have influenced 

ese results. Feldman'? analyzed the response to incre- 
ntal dosages of intracoronary nitroglycerin and quan- 

ed these changes according to location within the 
onary vasculature: Maximum increases in coronary 
diameters occurred after 150 ugm and ranged from a 
_ 5% change within the left main stem vessel to a 34% 
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sublingual and intracoronary nitrog yeerin. 

served a substantial increase in stenotic area (2: 
36%), with a significant decrease in calculated steno 
resistance (25 to 28%); although the magnitude of this 
effect was critically dependent on initial lesion severity. 
These investigators concluded that stenosis vasodilatio 
by nitroglycerin was a major factor in the relief of myo- 


cardial ischemia. Moreyra!’ confirmed these results ina . 


study designed to assess nitroglycerin tachyphylaxis, Af- 
ter graded dosages of intracoronary nitroglycerin, these. 
workers noted a 20% increase in coronary diameter, 


with marked attenuation in subjects previously exposed 


to topical nitroglycerin. 


Coronary stenosis hemodynamics: Although dý: 


namic alterations in local vascular tone can have impor- 
tant effects on the degree of luminal narrowing, signifi- 
cant impairment of coronary blood flow ordinarily oc- 
curs only in the presence of a partially obstructive 
atherosclerotic plaque.'® A hemodynamically obstru 
tive lesion (“significant stenosis”) will create a. press 
differential (gradient) between the proximal and dist 
vasculature.!’ Baseline, resting coronary blood flow 
maintained by an autoregulatory decrease in distal cor- 
onary vascular resistance.'* This compensatory mecha- 
nism necessarily encroaches upon normal coronary hy- 
peremic reserve and can limit maximal myocardial oxy- 
gen delivery during increased workloads (stress). Under 
these conditions, although volumetric coronary. blood 
flow may be maintained, transmural maldistributio: 
can occur, thus jeopardizing subendocardial viability. 
Our cata suggests substantial stenotic vasodilation by 
intracoronary nitroglycerin, with significant decreases | 
translesional pressure gradients. Although the absolu 
changes in minimum lumen diameter were less impr 
sive in the most severe lesions (quartile no. 4), thi 
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he greatest decrease in transstenotie a 


ure gradients. Since intracoronary: nitroglycerin 
an produce transient myocardial hyperemia, the effect 
of increased coronary flow velocity was also evaluated. 
Particularly within the most severe stenoses, the obliga- 
- tory increase in hemodynamic obstruction and decrease 
-in distal intraluminal pressure could conceivably result 
‘In significant redistribution of myocardial blood flow. 
-Previous studies, involving both animal models and ac- 
».tual subjects with coronary artery disease, would tend to 
‘Support this hypothesis. 
“> Myocardial blood flow after nitroglycerin: Fam and 
McGregor” studied the effect of intravenous nitroglyc- 
--erin on canine regional coronary vascular resistance and 
directly compared these changes to intravenous dipyrid- 
~amole. Substantial vasodilation was observed after both 
‘medications, with equivalent effects on distal resistance 
vessels and the induction of myocardial hyperemia. 
_ These findings were confirmed by Vatner,?! who also 
¿noted significant initial vasodilation after systemic ni- 
‘troglycerin (average coronary flow, +47 ml/min). A 
“moderate decrease in systemic arterial pressure was also 
observed (—26 mm Hg), with subsequent autoregulated 
coronary vasoconstriction secondary to a decrease in 
‘myocardial oxygen requirements. The influence of sys- 
temic nitroglycerin on the transmural distribution of 
coronary blood flow, in the presence of a flow-limiting 
stenosis, was evaluated by Bache et al.?? Under these 
onditions, subendocardial flow was already comprised, 
owever, after the induction of myocardial hyperemia 
y transient coronary occlusion, these investigators not- 
eda further redistribution of coronary flow away from 
“the subendocardial territory. Forman’? confirmed this 
-Fesponse. in an acute partial canine coronary occlusion 
~ model. The presence of a hemodynamically significant 
obstruction resulted in autoregulated vasodilation within 
the subendocardial resistance vessels and encroachment 
on subsequent hyperemic flow reserve. Intracoronary ni- 
`troglycerin preferentially increased coronary blood flow 
to the subepicardium at the expense (decreased flow) of 
the subendocardial region. In one of the few studies in- 
volving human subjects, Cohn et al*4 studied the effect 
of sublingual nitroglycerin on regional coronary flow 
distribution in 31 patients with coronary artery disease. 
“Using a Xenon-133 washout technique, increased re- 
“gional blood flow was directly correlated with the pres- 
ence of angiographic collaterals. In their absence, re- 
» gional myocardial blood flow failed to increase after ni- 
< troglycerin. “Steady-state” conditions were probably 
hot achieved during this study, with further technical 
_ limitations precluding evaluation of the transmural dis- 
tribution of myocardial blood flow. These data, how- 
ever, may explain the findings by Ganz and Marcus?’ 
-that intracoronary nitroglycerin failed to alleviate pac- 
ig-induced angina pectoris. In 25 subjects with coro- 
iry artery disease, coronary blood flow was evaluated 
ing a thermodilution coronary sinus flow technique, 
glycerin producing a transient (26 seconds) 
l Despite this enh i 
itrogl 


not allevi e chest discomf or 


troglycerin was often effective. It 

lack of a beneficial response to intracoronary nitrogly 
erin was secondary to an unappreciated maldistribution 
in coronary blood flow within the subendocardial te 
ritory. 
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, ycardia Associated with Coronary . Arter 
- Disease to Procainamide and Amiodarone — 


Paul T. Vaitkus, MD, Alfred E. Buxton, MD, Mark E. Josephson, MD, 
and Francis E. Marchiinski, MD 


We undertook this study to determine if the cycle- 


length response of ventricular tachycardia (VT) to 
procainamide and amiodarone is similar in the indi- 
- vidual patient. We enrolled 40 patients with uni- 
form, monomorphic VT at a baseline, drug-free 
electrophysiologic study, after procainamide infu- 
_ sion and during oral amiodarone therapy. We found 
significant correlation (p <0.01) between VT cy- 
cle-lengths on the 2 agents as well as the percent 
change in cycle length from baseline. Only 60% of 
‘the patients exhibited VT rates within 10% be- 
tween the 2 agents. Importantly, <20% of patients 
had further slowing of the VT rate (>10% slowing) 
during amiodarone therapy as compared to pro- 


sponse of VT to procainamide correlates with the 


tients have a disparate response (>10% difference 
_ in cycle length) to the 2 agents; additional slowing 
- ot VT rates in response to amiodarone beyond that 
“seen with procainamide is unlikely. These results 
have important implications regarding the institu- 


peat electrophysiologic testing during amiodarone 
(Am J Cardiol 1990;66:710-714) 


From the Clinical Electraphysiology Laboratory, Hospital of the Uni- 


ersity of Pennsylvania and the Cardiovascular Section of the Depart- 
mt of Medicine, University of Pennsylvania School of Medicine, 
elphia, Pennsylvania. This study was supported in part by grants 

the American Heart Association, Southeastern Pennsylvania 


in the treatment of sustained ventricular tachycar- 


PP E tetram and amiodarone are used frequently _ 


dia (VT). The effects of these agents.on VT have. 
been studied singly and in combination.'~® Both agents 
slow conduction and ‘prolong refractoriness. It is also 
known that the mean prolongation of the VT cycle 
length with both drugs is similar.!° However, whethe 
the cycle-length response to | agent is similar to th 
resporise to the other in individual patients has not been 
addressed previously. The decision to institute amioda- 
rone therapy is frequently made with the hope of eith 
preventing VT induction’ or producing greater prolor 
gation of the VT cycle length.’ However, most pati 
have persistent VT inducibility during amiodarone ther- 


apy.’ This study examines whether the cycle-length re- 
sponse of sustained monomorphic VT to amiodarone ~~ 
therapy is similar to that occurring after procainamide: 


infusion. 


METHODS 
We studied 41 patients with inducible sustiinied a 


monomorphic VT. There were 35 men and 6 women ©. 


aged 39 to 78 years (mean 62). All had documented 
coronary artery disease with previous myocardial ‘in 
farction. Twenty-three patients presented with cardia 
arrest or VT with loss of consciousness (poorly tolerate 
tachycardia), and 18 presented with hemodynamically z 
tolerated VT. Forty patients had inducible monomor- 
phic VT in the baseline state after procainamide infu- 


sion and during oral amiodarone therapy. One patients 


VT was rendered noninducible by amiodarone and is: | 
excluded from analysis. - 
Antiarrhythmic agent administration: All patients _ 
underwent programmed stimulation in the baseline. 
state after all antiarrhythmic medications had been: 
stopped for at least 5 drug half-lives. The patients re- 


ceived a loading dose of procainamide of 15 mg/kg- 


infused at a rate of 50 mg/min followed by a main- 
tenance infusion of 4 to 8 mg/min during repeat 
stimulation. Blood samples were taken for serum pro- 
cainamide determinations 5 minutes after the compl 
tion of the loading dose. Amiodarone ` was given as 
loading dose of 1,400 mg/day X 7 days” 
maintenance therapy of 400 mg daily 


; | rophysiotogic testing. was undertakı 
sr ir oda 
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BLE Il. Percent Change in Ventricular Tachycardia Cycle 
gth 
! Identical 
Morphology (%) 


Fastest (%) First (%) 


All Patients 


32 
: RN p=0.02 
Amiodarone 25 24 


Patients with Poorly Tolerated Tachycardia 


al Procainamide 26 
“Amiodarone 26 





Procainamide 32 


25 


ion is pee at twice-diastolic threshold with a l- 
ms pulse width. Recordings are made with a 16-channel 
physiologic recorder (VR 16, Electronics for Medicine) 
_ and real-time recordings made with an ink-jet recorder 
(Siemens Elema Mingograph) at paper speeds of 100 
mm/s: 
Data analysis: The cycle lengths of 5 VT cycles were 
- averaged to obtain the VT cycle length. Morphology of 
. the tachycardia was assessed from surface leads 1, 2, 3, 
. Vi and Ve displayed on the recorder. 
The cycle lengths of VT were compared in 3 ways. 
First, only those tachycardias exhibiting identical mor- 


Number of Patients 


| Percent Change from Baseli ine on P 


Amiodarone 


% change onP vs 
% change ona. 


Tachycardia 
Identical 
Fastest 
First 


Patients with Poorly Tolerated Tachycardia ; ; 


Tachycardia 
Identical (n= 20} 
Fastest (n= 27) 
First (n =.27} 


0.55t 
0.58 
0.70* 


0.70* 
0.47% 
0.79* 


Patients with Well-Tolerated Tachycardia 


Tachycardia 
identical (n = 9) 
Fastest (n= 19) 
First (n = 19) 


* p <0.001; 1 p <0,05; +p <0.01. 
A = amiodarone; CL = cycle length; P = procainamide. 


0:84 
0.42 
0.22 


0.39 
0.58t 
0.00 





phology during all 3 electrophysiologic studies were in 
cluded. There were 24 such tachycardias in 22 patients 
Second, the fastest VT encountered at each study wa 
compared. Finally, the first VT induced at each study 
was. compared, $ 
Comparison of morphologically identical tachycar 
dias provides insight into whether the effects of the . 
antiarrhythmic agents. on the electrophysiologic. sub 
strate of a given VT circuit are similar. Comparison o! 
the fastest VT at each study provides practical in 
tion that may be useful. The decision to maintain a spe- 
cific pharmacologic agent is often based on whether the 
fastest VT induced during an electrophysiologic study 
appears to be hemodynamically. tolerated. Comparis 
of the first VT encountered at each study is also provid- 
ed because the practice.of many electrophysiologists is 
to terminate the electrophysiologic study when sus- 
tained VT is first encountered, a practice we do not es 
vocate. 
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therapy, we used the f test for paired samples, The ¢ test 
for unpaired samples was used to compare cycle-length 
_ changes in response to drugs between patients who had 
` presented with tolerated VT with patients who present- 
ed with poorly tolerated VT. Linear regression analysis 
_ was used to assess the correlation of cycle length of VT 
after procainamide with the cycle length during amio- 
darone and the correlation of the percent change in VT 
cycle length from baseline to procainamide with the 
Percent change from baseline to amiodarone. 


/ RESULTS 
The cycle lengths of VT for all patients are listed in 
Table I. There was no difference in baseline cycle 
-length between patients who presented with poorly tol- 
_ erated rhythms and those who presented with well-toler- 
ated rhythms. Procainamide and amiodarone both pro- 
longed VT cycle length from baseline for VT of identi- 
“cal morphology, fastest VT and the first VT induced at 
each study. 
Table H lists the percent change in cycle length from 
‘baseline to procainamide and amiodarone. This data is 
; presented for all patients, those whọ presented with 
poorly tolerated rhythms and those who presented with 
_ tolerated rhythms. There were no significant differences 
yetween these 2 subgroups of patients for any of the 3 
egories of VT. There were significant differences be- 
the response to procainamide and. the response to 
i iodarone only when considering the fastest VT in all 
- patients and in the subgroup with tolerated rhythms. 
The distribution of serum procainamide concentra- 
¿tions is listed in Figure 1. The mean procainamide con- 
centration was 9.9 + 3.2 mg/liter. The procainamide 
concentration was not available in 2 patients. 
There was a statistically significant correlation of 
the VT cycle length after. procainamide infusion with 
the VT cycle length during amiodarone therapy (Table 
HI); There was also a significant correlation of percent 
change in cycle length from the baseline study. on pro- 
cainamide with percent change from baseline on amio- 
~ darone.. When we separate the patients according to 
their presentation, most of these correlations fail to 
-reach significance in the group with tolerated rhythms. 
< Figure 2 shows the distribution of the percent 
change in VT cycle length from the study after procain- 
_ amide infusion to that during amiodarone therapy. In 
approximately 60% of cases in each type of VT (16 of 
24 [67%] of identical morphology VT, 23 of 40 [58%] 
of fastest VT and 23 of 40 [58%] of first VT), there was 
<10% difference in cycle length between the study on 
“procainamide and the study on amiodarone. If we de- 
- fine a >10% change in cycle length as important, <20% 
_of patients had greater slowing of the rate of VT during 
. amiodarone. therapy when compared to the effect of 
ae igure 2). 
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noniriducible. in the majority of patie 


medical regimen? If procainamide fails to suppress the - 
inducibility of VT, other agents, including amiodarone, i 
are unlikely to succeed.”*!° In these patients, a secon 
dary goal of slowing the VT is often pursued. Whether | 
or not a VT is hemodynamically compromising is in 
large part determined by the tachycardia rate.!! Previ- 
ous studies have shown that the finding of only well- 
tolerated VT during electrophysiologic testing during 
amiodarone therapy identifies patients at low risk of 
catastrophic arrhythmia recurrences.® 

Procainamide and amiodarone both prolong VT. y- 
cle length and thus offer the possibility of sufficiently 
slowing a poorly tolerated VT and rendering it hemody- 
namically well tolerated. The ability to predict the rate 
response of the VT to amiodarone therapy from the rate 
response to procainamide infusion would be clinically _ 
useful. In our series, we have shown that the cycle. 
length of VT and the percent change in cycle length | 
from baseline during amiodarone therapy correlates’ 
with these parameters following procainamide infusion. _ 
However, in only 60% of the patients the VT cycle © 
length on amiodarone was within 10% of the cycle; 
length on procainamide. In addition, <20% of patients — 
had greater slowing (210% decrease in rate) of their 
VT with amiodarone as compared to procainamide. ~ 

Limitations: Our study assessed the ability to predict 
VT cycle length after a 1-week oral load of amiodarone 
from the response to an intravenous infusion of procain- . 
amide administered in the electrophysiology laboratory. 
Although the electrophysiologic effects of oral and in- 
travenous procainamide are alike when similar serum 
concentrations are achieved, the cycle length of induced _ 
VT can differ in individual patients.” It has also been 
shown that during chronic amiodarone therapy, one can. 
anticipate further slowing of the VT in comparison to — 
that seen during short-term therapy.'? We do not, how- 
ever, have follow-up data during chronic amiodarone 
therapy in this group to assess whether their VT cycle 
lengths increase during chronic amiodarone therapy to 
approximate the cycle lengths observed after procain- 
amide infusion. Also, we advise caution in extrapolating _ 
from our results to treatment regimens of procainamide _ 
and amiodarone that differ from those followed in this | 
study. Finally, VT rate is only 1 factor in determining. 
hemodynamic status during a tachycardia.!! Our study 
did not address other factors that are relevant to this- 
issue. 
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Endocardial atrial activation mapping was per- 
in 7 patients with rare atrial flutter (AF), in- 
ig predominantly positive deflections on leads 
Ill and aVF. In 2 cases both a rare and a com- 
mon AF were mapped on different occasions. Every 
case displayed circular right atrial activation. In 5 
f the 7 cases rare AF direction was clockwise 
_(craniocaudal in the septum and posterior wall and 
- caudocranial on the lateral and anterior walls). In 2 
- cases rare AF direction was counterclockwise (cau- 
< docranial in the septum and posterior wall and 
_eraniocaudal in the lateral and anterior walls). Both 
T AF rotated counterclockwise. A “line” of 
delay or block was present in both 


the central obstacle made by the inferior 
va toward, but perhaps not all the way to, 
or vena cava, making activation rotate 
around the tricuspid ring. The ridge be- 
inferior vena cava and the tricuspid ring 
critical anatomic “closing” point in all clock- 
and counterclockwise circuits. Right atrial 
pree underlies rare AF. Direction of acti- 
tends to be opposite to that in common AF. 
se of the positive deflection is unclear. 
(Am J Cardiol 1990;66:715-720) 


he Card cer Services of Hospital Central de la Cruz Roja and 
; ubre, ‘Universidad Complutense, Madrid, Spain. 


ported i by a grant, from the Ministry of 
C i 


: of 3 to 06 


shown atrial activation patterns compatible with 

arge reentry circuits. -4 In common AF (pre- 
dominantly negative deflections in leads II, IH an 
aVF) right atrial activation follows a circular patter 
with caudocranial activation of the septum and cra: 
caudal activation of the lateral and anterior walls. 
ble-spike electrograms are usually recorded fro 
posterior or posterolateral walls, suggesting that slow 
conduction or block in this area supports the circuit. 34 
Only a few atypical AFs seem to depend on left atrial 
circuit.23 We report endocardial mapping of the rare 
form of AF, inscribing positive deflections on the inferi- 
or leads, that Puech called “rare.”! 


| ee mapping of atrial flutter (AF) has 


METHODS 

Patients: We mapped 9 episodes of AF in 7 patient: 
(Table I). Associated diseases were Wolff-Parkinson. 
White syndrome, surgically corrected atrial sept: de- 
fect, ischemic heart disease with bypass surgery and left 
ventricular dilatation of unknown cause (1 each). Car 
diac disease was absent in 3 cases. One patient (no. 4 
was included in a previous report.‘ 

Three patients received no cardioactive medication T 
2 received quinidine (800 mg/day) and digoxin, 1 re- 
ceived quinidine (600 mg/day) and 1 propafenone (300 
mg/day). 

Definition of atrial flutter: AF was defined as an 
atrial tachycardia, without a stable baseline, at a rate 
between 250 and 300 cycles/min. It is difficult to define 
a positive versus negative deflection in a continuo sl 
waving pattern, and we relied on visual i impressions. in 
agreement among several investigators (Figures 1 
2). The positive patterns are clearly different fr 
usual sawtooth pattern of common AF, but have differ: 
ent wave morphologies. In 2 cases (nos. 1 and 2; Figures _ 
1 to 3) both rare and common AF were mappe 
case 2 rare AF changed to common AF after s 
tion. In case 1 both patterns were precipitated b airia 
stimulation on separate occasions. 

Mapping technique: The endocardial mappin tec! 
nique has previously been described:>* Bipolar el 
grams (50 to 600 Hz) were recorded by means of q 
dripolar electrode catheters with 0.5 to 1 cm separati 
Siemens-Elema preamplifiers, amplifiers and recore 
were used in 6 cases, and Electronics for M 
(DR-12) amplifiers and recorder were used i 
4). AF stability was checked by sim Itaneous Teco 
face lead H ; 





Heart Disease 


Medication*® i 





0 0 
CAD, HBP 0 


0 0 
WPW 
Operated ASD 
Left SVC, SH 
COPD 

Digoxin 
Parkinson's 
š Digoxin 
<4 Doses indicated are per 24 hours. 


Propafenone (900 mg) 
Quin (600 mg) 


Quin (800 mg) 


Quin (800 mg) 


Comrnon 
Rare 
Common 
Rare 
Rare 
Rare 


Rare 


Rare 





D= atrial septal defect; CAD = coronary artery disease; CCW = counterclockwise; CL = cycle length (ms); COPD = chronic obstructive pulmonary disease, CW = clockwise; 
high blood pressure; LV = Jeft ventricle; Quin = quinidine; SH = systemic hypertension, SVC = superior vena cava: WPW = Woilff-Parkinson-White syndrome. 





oS Angling or biplane fluoroscopy was used to check 
ca heter position. Superior and inferior vena cava and 
ne tricuspid valve served as references. Catheters in the 
coronary sinus and right atrial appendage recorded 
fixed references. A third “exploring” catheter served to 
btain sequential recordings from 3 to 5 levels of the 
ptal, posteroseptal, posterior, posterolateral, lateral, 
nterolateral or anterior right atrial walls, in craniocau- 
direction, between the superior and inferior venae 
e. The atrial “floor” around the inferior vena cava 
was mapped with a circular motion of a curved cathe- 
“hooked” in this area from the inferior vena cava. 
ft atrial activation was recorded from the coro- 
sinus and/or pulmonary artery (high lateral left 
atrium), unless a patent foramen ovale was present, as 
‘in cases 2 and 5. During sequential coronary sinus or 
: pulmonary artery mapping the right atrial appendage 
electrogram was used as fixed reference. 
_ Measurements and map drawing: Local activation 
time was measured as the interval between the initial 


sharp deflection of the reference and local electrograms 
Two activation times were noted for double spikes (Fi 
ure 3) at the onset of each spike (see maps in Figures: 
to 6). An arbitrary 0 point was assigned for composition 
of the map, looking for easy visual comprehension. For 
presentation of the endocardial maps we chose a sche- 
matic “wide-angle” view of both atria from the mitral . 
and tricuspid rings (Figures 4 to 6) where septal, post 
rior and lateral right atrial walls are seen through he 
tricuspid valve, while the anterior wall is drawn “out 
side” the tricuspid ring from the epicardial side. . 
Ethicai considerations: The study protocol was | P 
proved by the Hospital Research Committee.: All pa- 
tients gave informed consent for the procedures. 
were an extension of a therapeutic intervention. 
at AF interruption. E 


RESULTS E 
Maps included 14 to 33 points (Figures 4 to 6). 
Right atrial activation accounted for all the AF 9de, 











ie 3, Surface electrocardiogram and intracardiac recordings (top to bottom! 
ior vena cava (RA “Roof’'); midlateral right atrium (ML RA); 





i ame ole (cases 2 and 5). 
ctivation in rare atrial flutter: Circular activation 
s always present inthe right atrium with either of 2 
s: (1) caudocranial activation of the anterior and 
al walls and craniocaudal activation of the septal 
sterior walls (clockwise circuit) (cases 1, 2 and 5 
‘igures 4 and 6); (2) caudocranial activation of 
tal and posterior walls and craniocaudal activa- 
he lateral and anterior walls (counterclockwise 
cuit) (cases 3 and 4; Figure 5). In the 5 maps with 
atrial floor data, activation times from the inferior 
jena cava-tricuspid valve rim filled the gap between the 
tivation of the anterior/lateral and posterior/septal 
i. walls, regardless of the direction of activation. When 
ta from the left. atrium were obtained, this did not 
seem to be an essential part of the activation circuit 

(cases.2 and 5.to 7; Figures 4 and 6). 











an saida “line” of double aise was recorded he 
posterelateral wall (cases 1, 6 and 7; Figures 4 and 6). 
The activation times of the 2 spikes tended to align wit 
those of the adjacent posterior and anterior or lateral _ 
walls as if representing activation at both sides of a line 
of block. 

Activation in common atrial flutter: Common AF in 


cases | and 2 showed counterclockwise circuits (Figure : 


4). The change from clockwise to counterclockwise ro- 
tation ef case 2 is illustrated in Figure 3. In rare AF the 
onset of the positive wave in lead II coincided with high 


right atrial activation. In common AF activation of the 
low septal wall coincided with the onset of the negative 


deflection. There was no apparent difference in the acti- 
vation velocity of the craniocaudal and caudocrania 
arms of activation, suggesting that localized condu 
delay may be responsible for wave morphology. A’ 





id | roughly with 


j 
1, but the direction of left atrial activa- 
d not be precisely determined. 

Entrainment: During atrial stimulation, entrainment 
could be demonstrated in cases 1 to 4 and 7 by the 
presence of progressive fusion and the fixed length of 
_ the first postpacing cycle. Cases 3 and 4 also had a 
change in the electrogram sequence preceding AF inter- 

ption. In cases 5 and 6 AF was interrupted during 
< threshold testing, and entrainment was not shown. 


gest that most cases of rare AF are due to right atrial 
Mmacroreentry with clockwise rotation of activation 
(ft tal plane), but that counterclockwise circuits can 


identical in both types of AF,!35 and resembles 

ose described by Rosenblueth and Garcfa Ramos® and 
Hoffman et al.’ The ridge separating the inferior vena 
va and the tricuspid valve appears as a critical ana- 
mic area closing the activation circle in both,>4 but 
finitive proof of this contention should still be ob- 
tained from the effect of limited ablation procedures on 





same patient. The maps ad >100-ms gaps, l 

consistent with right atrial macroreentry in both ty 

of AF, although in opposite directions. ; 
Importance of local conduction block: The separa: : 

tion between activation of the posterior and lateral 

walls, already described in common AF,'? was again ¢ 

finding in rare AF. Double-spike electrograms recor 

between these 2 areas probably reflect local condu 

block.'34 This craniocaudal line of block probably 

responds to the crista terminalis, or posterior i 

pathway, as described by James and Sherf. 

duction across the crista terminalis due to ani 

may thus be an important factor in atrial macroreent 

Fragmented electrograms may be found in other ar o 

inside or outside the AF circuit, but their significant ce 

should be cautiously analyzed in light of the whole acti- 

vation sequence, because they may represent nònspec 

ic, local and rate-related conduction disturbances. 
Limitations: Our data do not clarify the mechanism 

underlying the inscription of a positive versus a negative — 
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rere or even distant portions of atrial 
Scarin ony account for wave morphology,'° re- 
rdless of circuit rotation. Left atrial activation may be 
portant, as suggested by Puech and Latour.' We ob- 
-tained very little information on left atrial activation. In 
cases 2 and 5 to 7, data from the left atrial endocardium 
and/or coronary sinus rule out an active role in the cir- 
suit, but are not enough to explain wave morphology. 

_ Some of our patients were receiving antiarrhythmic 
drugs, but clinical observation showed that the addition 
-of the drugs produced changes in AF rate, but not in 

ve form. The observations in cases 1 and 2, display- 

x both common and rare AF at different times, also 
uggest that drug action is not an important determi- 
ant of wave morphology. 

_ Two right atrial maps (cases 4 and 5) are incom- 
plete, showing significant gaps in the presumed activa- 
tion circuit; however, available data strongly support 
right atrial reentry in both cases. 

| Acknowledgment: We appreciate the invaluable 
contribution of the nurses Pilar Adoue, D.U.E., and Pi- 
lar Gómez, D.U.E., to the development of the electro- 
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_ | Clinical, Echocardiographic and Doppler 
Correlates of Clinical Instability with | 
Onset of Atrial Fibrillation 
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Martin St. John Sutton, MRCP, and Richard T. Lee, MD 





| Te identity cinical and Doppler echocardiographic 
-correlates of instability with the onset of atrial fi- 
brillation (AF), 87 consecutive patients with new- 








ing that hospital admission while in sinus rhythm 
were studied. Reviewers who were blinded to echo- 
cardiographic and Doppler data classified 51 pa- 
‘tients (59%) as unstable because of the develop- 
ment of angina, congestive heart failure, syncope 

or hypotension with the onset of AF. Echocardio- 
graphic and Doppler data on transmitral blood flow 
-velocity were analyzed by a single reviewer who 

was blinded to other clinical data. Multiple logistic 

regression analysis identified 3 variables as inde- 
pendent predictors of clinical instability with the 
onset of AF: (1) history of prior myocardial infarc- 
tion (p <0.02); (2) echocardiographic evidence of 
left ventricular dysfunction (p <0.03); and (3) 
; Doppler evidence of increased atrial filling fraction 
. (p <0.0001). An atrial filling fraction threshold of 
0.40 had a sensitivity for predicting clinical insta- 
-bility of 80% and a specificity of 72%. These data 
are consistent with the hypothesis that patients 

< who are more dependent on the atrial contribution 
te ventricular filling are at increased risk of insta- 
» . bility with AF due to the loss of atrial systole. 
(Am J Cardiol 1990;66:721-724) 
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he significance of organized atrial contraction was 

first appreciated by William Harvey in 1628.! 
Several investigators have manipulated atrioven- 
tricular synchrony to demonstrate the relative impor- 
tance of properly timed atrial systole to ventricular per- 
formance.?"4 Left ventricular (LV) performance is also 
improved after electrical conversion of atrial fibrillation 
(AF) to normal sinus rhythm.>° a 
AF is a common clinical problem that is often asso- : 
ciated with angina, congestive heart failure, hypotension — 
and syncope. AF is less well tolerated in patients with 
mitral stenosis, because of fixed mechanical obstruction 
to mitral inflow, and in patients with systolic ventricular _ 
dysfunction due to elevation of end-diastolic volume and - 
pressure.”* Baseline diastolic filling of the left ventricle 
independent of the underlying rhythm, may also. be i 
paired in patients with preserved systolic function, par- 
ticularly in patients with long-standing systemic hyper- 
tension.” ? Transmitral blood flow velocity can now be 
evaluated using Doppler echocardiography, a repro- 
ducible and inexpensive technique.!'"!4 We therefore 
sought to determine whether the Doppler atrial filling _ 
fraction during sinus rhythm was an independent corre- 
late of instability during AF and whether it added infor- 
mation after consideration of routinely available clinical 
data. ; 


METHODS 

Patients: Between January 1, 1985, and Devember 
31, 1988, we identified 498 patients who were admitted 
to the Brigham. and Women’s Hospital with a primary 
discharge diagnosis of AF. From this group, 135. pa- 
tients were identified (1) with presumed new-onset AF | 
(documented in the hospital or with presenting symp- 
toms <48 hours in duration), and (2) who had.an echo- 
cardiogram during the index admission. Three patients 
with known mitral stenosis were excluded because of 
the resulting disturbance in resting transmitral flow. 
Forty-two patients were excluded from the study be- 
cause an echocardiogram was recorded only while the 
patient had AF. Three patients were excluded because _ 
the echocardiogram was technically inadequate. Thus. 
of the initial 135 patients, 87 had technically adequate 
echocardiograms while in sinus rhythm. Of the 87 pa 
tients in. the study group, 27 (31%) developed A i 
in the hospital: 

Clinical parameters. were s recorded. from me 








Poses Unstable a 
(n= 51) 














BP 12 





















i Men/women 19/17 24/27 
History of 
; 16 (44%) 16 (31%) NS 
8(22%) 11 (21%) NS 
16 (44%) 18 (35%) NS 
8 (22%) 19 (37%) NS 
2 (5%) 11(21%) <0.05 
2 (5%) 4(7%) NS 
3(8%) 4(7%) NS 
0 (0%) 9(17%) <0.01 
; 215%) 2 (3%) NS 
JAF = aial fibrillation; AR = aartic regurgitation; AS = aortic stenosis; CHF = 
congestive heart failure; COPD = chronic obstructive pulmonary disease; Mi = myo- 


cardial infarction; MR = mitral regurgitation; NS = not significant; SH = systemic 
_ bypertension. 









Doppler data. These included age, gender, symptoms at 
ime of presentation, medical history including prior his- 
ory of AF, angina, myocardial infarction, congestive 
heart. failure, hypertension, chronic obstructive pulmo- 
ary disease, mitral regurgitation, aortic stenosis or aor- 
c regurgitation, physical examination at the time of 
presentation, hospital course and long-term follow-up 










Fifty-two patients took medications on a long-term 
basis, including 29 taking digoxin, 14 taking 8 blockers 
and 9 calcium channel blockers. Sixty patients required 
chemical cardioversion including 16 with digoxin alone, 
with quinidine sulfate, 10 with procainamide and 8 
ith other agents. Of the remaining patients, 14 under- 
t spontaneous cardioversion and 13 required electri- 
cal cardioversion, 9 of these after unsuccessful drug 
trials. 
Patients were classified as “unstable” if they devel- 
oped any of the following events with AF: hypotension 
systolic blood pressure <90 mm Hg); angina (chest 
pain judged by 22 independent physicians to be consis- 
tent with ischemia or chest pain with an ST-segment 
_ depression =1 mm in 22 leads); congestive heart fail- 
ure documented by both physical examination and radi- 
ography; and syncope defined as witnessed loss of con- 
sciousness. 
Doppler echocardiograms: Doppler echocardio- 
grams were obtained after (mean 2.1 + 1.6 days) rever- 
sion to sinus rhythm in 73 patients. Fourteen patients 
d echocardiograms recorded before (mean 4.6 + 3.0 
ys) onset of AF. Pulsed-wave Doppler sampling of 
transmitral flow was recorded from the apical 4-cham- 
view with the sample volume located below the mi- 
valve anulus and above the leaflet tips (parallel to 
irection of flow) using a Hewlett-Packard 77020 
/AR phased-array ultrasonoscope device using a 
$-MHz transducer. Transmitral Doppler flow velocity 
were digitized and analyzed using a Cardiology 
| ion lh Freeland Medica! Division). A mini- 
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Palpitations 6 (16%) 














Angine pectoris 0 ; 
CHF (8) 32 (62%) i 
Hypotension 0 9 (18%). 
Syncope (0) 6 (12%) 
Heart rate (beats/min) 111434 108 + 30 
Systofe BP (mm Hg) 124425 127 + 30 
Diastolic BP (mm Hg) 72413 712423 
Peripheral edema 3 (8%) 14 28%) 
Rales 0 11 (22%) 














BP = bioad pressure; CHF = congestive heart failure. 










velocity” and “A velocity”) and velocity time integrals 
were calculated. The early diastolic velocity time inte- 
gral (VTI E) and late diastolic time integral (VTI A) = 
were calculated. When these areas overlapped, VIIA 
was defined as the portion of the diastolic velocity time __ 
integral over that expected if the slope of deceleration of 
the VTI E continued to baseline, as previously. ‘de: Se 
scribed." 
LV function was assessed by 2-dimensional echiócar: 
diograms obtained from the parasternal short-axis, p 
asternal long-axis, apical 2-chamber and apical 4-cham- | 
ber views. Systolic ventricular function was scored ‘as. © 
normal, mildly reduced, moderately reduced or severely 
reduced as recorded by the initial staff review of the < 
echocardiogram. The presence of LV hypertrophy was 
assessed from the 2-dimensional echocardiogram and 
from the M-mode examination using American Society < 
for Echocardiography standards.'® The presence of val- 
vular regurgitation or stenosis was obtained from the 
printed echocardiographic report accompanying each 
study. Aortic stenosis was defined as a peak instanta- 
neous gradient of >16 mm Hg. ee 
Statistical analysis: In the univariate analysis, assò ~ 
ciations between clinical instability and possible predic- 
tors were examined using the chi-square test with ap- 
propriate degrees of freedom for categoric variables and 
the Student’s r test for continuous variables after testing 
to see that these variables had a normal distribution. 
Variables from the medical history that were evaluated 
included age, gender, and histories of AF, congestive 
heart failure, angina, myocardial infarction, hyper- 
tension, chronic obstructive pulmonary disease, mitral 
regurgitation, aortic stenosis and aortic regurgitation. 
Variables from the echocardiographic evaluation in- 
cluded the presence of LV hypertrophy, LV function, i 
evidence cf mitral regurgitation, evidence of aortic ste- 
nosis, evidence of aortic regurgitation and left atrial 
largement. The Doppler echocardiographic variables in- 
cluded E velocity, A velocity, ratio of E velocity to A 
velocity, VTI E, VTI A, the ratio of VTI E to VT 
(VTI E/VTI A), and the atrial filling fraction as 
fined by VTE A/(VTLE + VTI A). A multiple logistic 
regression analysis was. 
clinical factors and atri 
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excluded since all 9 of these patients were clinically un- 
stable. In a ‘secondary analysis that included the pa- 
tients with aortic stenosis, the coefficients for the other 
potential predictors were nearly identical. Therefore, 
-only the primary analysis is presented. Finally, the diag- 
“nostic performance in terms of sensitivity and specificity 
-of serial values of atrial filling fraction was used to gen- 
-èrate a receiver-operating characteristic curve. 


ESULTS 

Patient characteristics: Of 87 patients, 51 (59%) 

were unstable with new-onset AF (Table I). Of these 

: patients, 29 (57%) developed angina, 32 (63%) devel- 
oped congestive heart failure, 6 (12%) had syncopal 

episodes and 9 (18%) developed hypotension (systolic 

blood pressure <90 mm Hg) (Table II). 

- Historical characteristics: Of the 11 clinical vari- 
-ables included in the univariate analysis (Table 1), only 
-A history of prior myocardial infarction (p <0.05) or of 

aortic stenosis (p <0.01) had statistically significant as- 
= sociations with clinical outcome. 
echocardiography: The degree of LV dys- 
_. function on the 2-dimensional echocardiogram was sig- 
-nificantly associated with unstable presentation, but the 
_ presence of LV hypertrophy and left atrial enlargement 
were not (Table III). Nine patients in the unstable 
group had aortic stenosis compared with none in the 
able group; all 9 patients with Doppler evidence of 
ortic stenosis had a history of aortic stenosis as well. 
_. All Doppler parameters of atrial contribution to the 
a tzanemitral flow profile had statistically significant asso- 
< ciations with unstable presentations. By univariate anal- 
_-ysis, the atrial filling fraction, the primary Doppler pa- 
rameter of interest, was very highly associated with un- 

stable presentation (p <0,0001). E velocity and VTI E 
. did not correlate with outcome. 
“Multivariate analysis: Logistic regression controlling 
for all clinical ‘and echocardiographic variables identi- 
‘fied atrial filling fraction as the single most powerful 
_. predictor of clinical instability (p <0.0001). A history of 
< myocardial infarction (p <0.02) and LV dysfunction (p 

$0.03). were the only other variables of statistical signif- 

icarice in the multivariate analysis. Increased age was 
not an independent predictor of instability. 
 Receiver-operating characteristic curve: The diag- 
nostic performance of atrial filling fraction at various 
thresholds was used to generate a receiver-operating 
characteristic curve (Figure 1). Using a cutoff atrial 
_ filling fraction of 0.40, the sensitivity for predicting in- 
“stability was 80%, the specificity was 72% and the rela- 
tive risk was 2.7. This cutoff value generated the highest 
=i chi-square value (22.53), suggesting that it is best able 
- to discriminate stable from unstable patients. 
























: _ DISCUSSION 

~- The goal of the study was to identify clinical and 
n echocardiographic features that might predict an ad- 
: verse Since tponse to the development of AF. The 





eter of interest, were included. In the primary 
ultivariate analysis, patients with aortic stenosis were 
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+ TABLE i Echocardiograpny Data in Sinus Rhythm 
~ Stable ‘ 


15 (41%) 
7 (19%) 













< Unstable i 


28655% NS o 
17 83%) 
























LV hypertrophy 
LV dysfunction 


Mitral regurgitation 6(17%) 8 (16%) NS 
Aortic regurgitation 4(11%) 714%) ONSE 
Aortic stenosis 0 9(18%) <O.01 
Left atrial enlargement 17 (47%) 19(37%) NS* 
Doppler 5 
E velocity 68416 61418 NS 
Avelocity 58 +19 72416 <0.0006 
Eveloc/Aveloc 1.25 + 0.38 0.85 + 0.20 <0.0001 
VTE 10.44 3.8 9.7438 NS. = 
VTA 6.0+2.0 84423 <0.0001 
VTIE/VTIA 1.7405 12+£05 <0,0001'- 
AFF 0.3740.06 0,48+0.09 ; 5 








AFF = atrial filing fraction; LV = left ventricle; NS = not significant; VELOC = Te 


velocity; VTI = velocity time integral, 
























prior hypothesis was that patients with greater atrial 
filling fractions would tolerate the loss of atrial systole _ 
poorly compared to patients with smaller atrial filling — 
fractions. Univariate analysis of the patient clinical — 
characteristics revealed history of prior myocardial: in- 
farction or aortic stenosis to be the only statistically sig- 
nificant non-Doppler clinical predictor of adverse out- 
come. The 2-sample ¢ test for age approached but did 
not achieve statistical significance, an important poi 
given the known influence of normal aging on Doppler- 
derived indexes of LV filling."™-2 With regard to the 2. 
dimensional echocardiographic features analyzed, only 
overall LV function had a statistically significant associ- 
ation with clinical outcome. Aortic stenosis was prese 
in 9 patients in each case by both history and echocar- 
diographic examination; all were in the unstable group. 


Sensitivity 








40 60 
1~Specificity 


80 

























































o “single most powerful predictor of clinical out- 
come followed by history of prior myocardial infarction 
and echocardiographic evidence of LV dysfunction. 

_ This study design has several potential limitations. 
Patients were selected with either documented or pre- 
- sumed new-onset AF. Whereas most cases had absolute 
` documentation as to the onset of AF, there were several 
_ cases in which onset was dated by change in subjective 
symptoms. In these cases, only patients whose subjective 
change had persisted for <48 hours were included. 
Manning et.al?! observed that the atrial contribution to 
_LV filling was abnormal immediately after cardiover- 
sion in patients with chronic AF. By including only pa- 
-tients with new-onset AF, confounding by potential loss 
of atrial mechanical activity by chronic AF was mini- 
mized. Because most echocardiograms were recorded 
-after conversion to sinus rhythm, the possibility that an 
unstable clinical status. somehow causes a subsequent 
‘increase in atrial filling fraction cannot be excluded. 

- . Because an increased atrial filling fraction is related 
` tö abnormal LV relaxation,” it is attractive to hypothe- 
-size that patients with impaired relaxation are likely to 
‘tolerate AF poorly. However, multiple factors such as 
preload and afterload affect the Doppler transmitral 
` flow profile.?**3 Choong et al,?4 for example, demon- 
strated marked alterations in early filling as assessed by 
alterations in various transmitral Doppler indexes in re- 
sponse to nitroglycerin infusion; these results have been 
confirmed with radionuclide ventriculography.”> Thus, 
although it is not possible to identify the precise factors 
using the increased atrial filling fraction in our unsta- 
ble patients, the conclusion that an increased atrial fill- 
-ing fraction is important in the clinical response to new- 
onset AF is still supported. 

These data support the hypothesis that the atrial fill- 
_..ing fraction is closely correlated with the hemodynamic 
<< response to new-onset AF. The multivariate analysis 
confirmed that, even after adjusting for other clinical 

data, patients with prior myocardial infarction, LV dys- 
.» function or increased atrial filling fraction are less likely 

to tolerate new AF without important clinical sequelae. 
Acknowledgment: We would like to thank E. Fran- 
-cis Cook, ScD, for his assistance with the multivariate 
analyses. 
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“Day-to-Day Reproducibility of Antiarrhythmic . 
_ Drug Trials Using Programmed Extrastimulus | 
-Techniques for Ventricular Tachyarrhythmias | 

Associated with Coronary Artery Disease 


Peter J. Kudenchuk, MD, Jack Kron, MD, Charles G. Walance, BS, Joel E. Cutler, MD, 
Karen K. Griffith, RN, ANP, and John H. McAnulty, MD 


| Forty-nine patients with coronary artery disease 


and documented clinical sustained ventricular 
tachycardia (VT) or ventricular fibrillation (VF) 

_ were studied twice in the drug-free state and twice 

“during treatment with an identical antiarrhythmic 
‘medication at therapeutic plasma concentrations 

using an identical programmed electrical stimula- 
tion protocol. Tested drugs included procainamide, 

_ quinidine, disopyramide and phenytoin. During 

their 2 paired tests, 11 patients had nearly identi- 

-cal therapeutic plasma concentrations of antiar- 

_ rhythmic agents (group I) and 38 patients had ther- 

eutic plasma concentrations, but with more vari- 
in drug levels between otherwise identical 

d drug tests (group Il). Overall, 71% of pa- 

ients had inducible sustained VT or VF during 

F drug testing. Induced ventricular arrhythmias were 
_not reproducible in 45% of group I patients, de- 

- spite restudy at nearly identical therapeutic plasma 
“concentrations of an identical antiarrhythmic agent. 

"Induced arrhythmias were also not reproducible in 
16% of group Il patients. This variability could not 

be attributed to the electrophysiologic characteris- 
tics of the patients studied. Drug trials directed by 
-programmed stimulation should be cautiously inter- 
preted because time-associated changes can mimic 
‘a change attributed to a beneficial or deleterious 

drug effect. 







(Am J Cardiol 1990;66:725-730) 
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400 ms and 600 ms fixed cycle lengths, synchronized to _ 
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cant day-to-day variability in ventricular tachyar- 

rhythmias induced during programmed intracardi-« 
ac electrophysiologic stimulation in the absence of any. 
therapeutic intervention.!.23 How the addition of antiar- 
rhythmic therapy may influence such variability is not 
known. This study was undertaken to determine the 
day-to-day reproducibility of acute antiarrhythmic drug - 
trials directed by programmed stimulation. 


P revious studies have shown that there is signifi- 


METHODS 

Population: We evaluated 150 consecutive patients 
(128 men and 22 women, 61.7 + 10.3 years of age) 
with documented sustained clinical ventricular tachy-— 
cardia (VT) (72 patients) or ventricular fibrillation 
(VF, 78 patients) not associated with an acute myocar © 
dial infarction. All patients underwent 2 paired: pro- 
grammed intracardiac electrophysiologic tests in the- 
drug-free state. This study focused on 49 of these pa- | 
tients (43 men, 6 women, mean age 61.6 + 9.5 years)... 
who had coronary artery disease and clinical VT (24. 
patients) or VF (25 patients) and who underwent 2 
paired electrophysiologic studies during treatment with 
an identical antiarrhythmic medication at therapeutic 
plasma concentrations. These patients were studied: 
twice in the drug-free state and twice while treated with. 
the same antiarrhythmic medication as part of an ongo- 
ing evaluation of the reproducibility of electrophysiolog-. 
ic testing, as well as for clinical indications (to assess 
pharmacologic control of their rhythm disturbances). ° 
The selection of patients and drugs for restudy rested > 
upon patients’ willingness. to be retested during treats 
ment with a clinically tolerated antiarrhythmic medica- 
tion at therapeutic concentrations. No patients were re- 
tested based upon their electrophysiologic response in. 
the drug-free state, nor upon the nature of their clinical: 
arrhythmia. None had experienced a myocardial infarc- _ 
tion within 6 weeks of electrophysiologic study. = 00. 

Stimulation protocol: Informed consent and prior 
approval of the Human Subjects Review Committee of 
the Oregon Health Sciences University were obtained. _ 
All patients underwent 2 baseline electrophysiologic 
studies, 6 to 24 hours. apart in the absence of antiar-. 
rhythmic agents. Our stimulation, protocol has been pre- 
viously reported and included rapid pacing (6 beats at 


TABLE I Loading and Maintenance Dosing Regimen for 
Antiarrhythmic Agents Used During Electrophysiologic 
Evaluation 


Therapeutic 
Range 
(ug/ml) 


4to 20 


Maintenance 
Dose 


Loading 
Dose 


15 mg/kg lV 
15 mg/kg lV 


15mg/kgpo* 300mgpoevery6hrs 2to6 
20mg/kgpo* 300mgpoeveryday 10to20 


* Given in 4 to 5 divided doses over 24 hours. 


Medication 


0.80 to 0.1 
mg/kg/min 

0.02 to 0.04 
mg/kg /min 


Procainamide 


2to6 


Quinidine 
gluconate 
Disopyramide 

Phenytoin 


the previous spontaneous R wave) followed by pro- 
grammed pacing from the right ventricle using up to 4 
extrastimuli (at 5 mA and 2 ms pulse duration).3 Stim- 
ulation thresholds were measured before each study, av- 
eraged 0.7 mA, and only rarely exceeded 1 mA. Stimu- 
lation was terminated upon induction of a sustained 
ventricular tachyarrhythmia or upon completion of the 
entire stimulation protocol thru 4 ventricular extrastim- 
uli. Stimulation during serial drug testing followed an 
identical protocol. 

Drug testing: After 2 drug-free studies, all patients 
were serially tested with procainamide, quinidine, diso- 
pyramide and phenytoin unless a history of drug aller- 
gy, medication intolerance or the severity of left ventric- 
ular dysfunction made a particular choice imprudent. 
The ability to test patients a second time during treat- 
ment with an identical drug and the selection of the 
medications to be retested were dependent upon these 
concerns. Patients who were free of inducible arrhyth- 
mias while drug free and who were likely to require 
antiarrhythmic medications for other indications (su- 
praventricular arrhythmias) were tested with drugs in 
order to exclude any possibility of proarrhythmia. To 
promote the presence of steady-state plasma drug con- 
centrations at the time of testing, patients received ei- 
ther an intravenous or oral loading dose of an antiar- 
rhythmic medication, followed by a maintenance dosing 
schedule for 6 to 36 hours before programmed stimula- 
tion (Table I). Sequential electrophysiologic tests of an 
identical antiarrhythmic drug were performed within 6 
to 48 hours of one another during such a maintenance 
dosing schedule. Plasma levels of antiarrhythmic agents 
at the time of programmed stimulation were obtained 
immediately after completion of each test. 

Definitions: RHYTHMS: REPETITIVE VENTRICULAR RE- 
SPONSE: 1 to 3 ventricular beats after capture of the last 
ventricular pacing stimulus. 

NONSUSTAINED VENTRICULAR TACHYCARDIA: 24 ven- 
tricular beats (lasting <30 seconds) after capture of the 
last pacing stimulus, not requiring therapeutic interven- 
tion. 

SUSTAINED VENTRICULAR TACHYCARDIA: VT lasting 
>30 seconds or requiring intervention. 

VENTRICULAR FIBRILLATION: completely disorganized 
surface cardiac electrical activity necessitating thera- 
peutic intervention. 
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TABLE II Rhythm and Diagnoses in Patients Undergoing 2 
Electrophysiologic Tests During Treatment with Identical 
Antiarrhythmic Agents 


Group | 
n=11 


Group II 


Patient Characteristics n=38 p Value 


Clinical rhythm diagnosis 
Ventricular fibrillation 
Ventricular tachycardia 

Drug-free programmed stimulation 

results 
Inducible sustained VT / VF 
Reproducible arrhythmias 

Antiarrhythmic drug trials 
Pracainamide 
Quinidine 
Disepyramide 
Phenytoin 


6 (55%) 
5 (45%) 


19 (50%) 
19 (50%) 


9 (82%) 
7 (64%) 


35 (92%) 
29 (76%) 


2(18%) 
5 (45%) 
1(9%) 

3 (27%) 


26 (68%) 
5 (13%) 
3 (8%) 
4(11%) 


NONREPRODUCIBLE ARRHYTHMIAS: provocation of sus- 
tained VT or VF during one electrophysiologic study, 
with a failure to induce a sustained VT or VF during 
the comparison study. 

Therapeutic total plasma concentrations were de- 
fined for each tested antiarrhythmic medication based 
upon conventional criteria.* 

Two electrophysiologic tests were defined as compa- 
rable only if all of the following 5 criteria were met: 
both tests were performed during treatment with an 
identical antiarrhythmic medication; no change in anti- 
arrhythmic medication dosage transpired between stud- 
ies; no new clinical events (such as myocardial infarc- 
tion or cardiac surgery) or changes in other medications 
(digitalis, 8 blockers, calcium antagonists, diuretics or 
afterload reducing medications) transpired between the 
performance of successive electrophysiologic studies; the 
plasma concentration was within the therapeutic range 
for the antiarrhythmic agent; and this value varied by 
<10% of the minimum acceptable therapeutic plasma 
concentration for the drug between each study. For 
quinidine and disopyramide, for example, a minimum 
plasma concentration of 2 ug/ml, which varied by $0.2 
ug/ml between studies, was required; for procainamide 
a minimum concentration of 4 ug/ml that varied by 
<0.4 ug/ml and for phenytoin, a minimum plasma con- 
centration of 10 ug/ml that varied by <1 ug/ml be- 
tween studies was required. 

Two electrophysiologic tests were of limited compa- 
rability if therapeutic plasma concentrations varied by 
>10% or a change in medication dose transpired be- 
tween otherwise identical studies. 

These criteria—for inducibility, reproducibility 
and acceptable plasma concentrations of antiarrhythmic 
agents—were all defined before data review and anal- 
ysis. 

Statistical analysis: Statistical analysis was per- 
formed using a 2-tailed chi-square or Fisher’s exact test. 
A p value <0.05 was defined as significant. 


RESULTS 
Patients: The 49 patients underwent a total of 240 
separate electrophysiologic tests, including 49 paired 





= 


` 


drug-free tests and 71 paired tests during treatment 
with an identical antiarrhythmic drug (31 paired tests 
during treatment with procainamide, 17 during quini- 
dine treatment, 7 during disopyramide treatment and 
16 paired electrophysiologic tests during treatment with 
phenytoin). If patients were serially tested with >1 anti- 
arrhythmic drug, only the response to the first tested 
drug was reported. 

Of the 49 patients who were tested twice during 
treatment with an identical antiarrhythmic medication 
at therapeutic plasma concentrations, 11 (22%) met cri- 
teria for having comparable electrophysiologic tests dur- 
ing drug therapy (group I). Thirty-eight patients had 
electrophysiologic studies that were of limited compara- 
bility because of either wider than allowable differences 
in therapeutic plasma concentrations between studies or 
had doses of these antiarrhythmic medications altered 
between successive tests (group II). Both groups under- 
went an identical stimulation protocol. 

The clinical rhythm disturbance (VT versus VF) 
and drug-free electrophysiologic characteristics of the 
11 patients who made up group I were similar to those 
of the 38 group II patients (Table II). During drug eval- 
uation, proportionately fewer patients were tested twice 
during treatment with procainamide and more during 
treatment with quinidine in group I than in group II; 
use of phenytoin and disopyramide did not significantly 
differ between groups (Table II). 

Induction of sustained ventricular arrhythmias dur- 
ing drug testing: Nine of the 11 patients in group I 


(82%) had inducible sustained VT or VF during at least 


1 of their 2 drug-free electrophysiologic studies. Two 


GROUP | 
DO GROUP II 


CUMULATIVE % PATIENTS 
WITH INDUCIBLE SUSTAINED VT/VF 


patients without previously induced sustained ventricu- 
lar tachyarrhythmias during baseline testing, in addition 
to 6 patients with inducible sustained VT or VF during 
baseline testing, had inducible sustained arrhythmias 
during drug testing directed by programmed stimula- 
tion. That is, a total of 8 of 11 group I patients (73%) 
repeatedly studied with the same antiarrhythmic agent 
developed sustained VT or VF in response to pro- 
grammed extrastimuli during at least 1 of their 2 identi- 
cal drug studies. Of these 8 patients, 2 (25%) had an 
inducible sustained ventricular arrhythmia after rapid 
right ventricular pacing, 2 patients after addition of a 
single ventricular extrastimulus, 1 patient (13%) after 3 
extrastimuli and 3 patients (37%) after 4 ventricular ex- 
trastimuli (Figure 1). 

Similar findings were observed in group II (differ- 
ence not significant compared to group I): Thirty-five of 
the 38 patients in group II (92%) had inducible sus- 
tained VT or VF during at least 1 of their 2 drug-free 
electrophysiologic studies. Twenty-seven of these 35 pa- 
tients with inducible sustained VT or VF during base- 
line testing had inducible sustained arrhythmias during 
drug testing directed by programmed stimulation. No 
patient without inducible VT or VF during drug-free 
programmed stimulation developed a sustained ventric- 
ular arrhythmia during drug testing. Thus, a total of 27 
of 38 (71%) patients studied twice with the same antiar- 
rhythmic agent developed sustained VT or VF in re- 
sponse to programmed extrastimuli during at least 1 of 
their 2 identical drug studies. Of these 27 patients, 3 
(11%) had an inducible sustained ventricular arrhyth- 
mia after rapid right ventricular pacing, 7 patients 





; triple = up to 3 programmed extrastimuli; quadruple = up to 4 programmed extrastimuli. 
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-Procainamide 





Testno. 1 13.0411 
Test no. 2 12.7 1.0 1247 
Difference* 0.3401 78449 

Quinidine (n= 5) (n= 5) 
Test no. 1 3.9+0.4 3.941 
Test no. 2 3.9405 3.1406 
Difference* 0.08 + 0.08 11+0.6 

Disopyramide (n= 1) (n= 3) 
Test no. 1 3.6 4940.9 
Test no, 2 3.6 2841.2 
Difference* 0 2241.3 

Phenytoin (n= 3) m=) 
Testno. 1 1442 1443 
Test no. 2 14413 11244 
Difference* 

i * Difference in paired antiarrhythmic plasma concentrations achieved during the 
Pfirstand second electrophysiologic tests (test no. 1 versus test no. 2). 


(26%) after the addition of a single ventricular extra- 
` stimulus, 7 patients (26%) after 2 extrastimuli, 4 pa- 
tients (15%) after 3 extrastimuli and 6 patients (22%) 
after 4 ventricular extrastimuli (Figure 1). Plasma 
concentrations of antiarrhythmic medications tested in 
-group I and II are listed in Table II. 
Reproducibility: Induced ventricular arrhythmias 
-were not reproducible in 5 of 11 group I patients (45%), 
despite restudy at nearly identical therapeutic plasma 
‘concentrations of an identical antiarrhythmic agent at 
an identical dose, using an identical stimulation proto- 
col. By comparison, 6 of 38 group II patients (16%) 
-manifested nonreproducible ventricular arrhythmias 
between paired identical-drug tests, at wider allow- 
- able therapeutic plasma concentrations or drug dosing 
schedules (p >0.16, Figure 2). This day-to-day variabil- 
ity in arrhythmias induced during drug testing was 
- comparable to the day-to-day variability observed dur- 
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rarabi T drug tone could not be pr 
the response from drug-free programmed 
All $ patients with nonreproducible arrhythmias | di 
drug testing in group I, and 5 of the 6 patients wit! 
nonreproducible arrhythmias in group’ Il, for exampl 
had reproducibly induced arrhythmias during paired oe 
drug-free programmed stimulation. : 
In the combined group of 49 patients, both inducible 
as well as nonreproducible arrhythmias were observed: 
more frequently with a testing protocol employing up to. 
4 extrastimuli compared to only 2 extrastimuli (p = 
0.008 and p = 0.04, respectively, Figures 1, 2). Induc- 
ibility and nonreproducibility did not significantly differ _ 
between protocols using 2 versus 3 (p >0.4 and p.>0.7,. 
respectively) or 3 versus 4 (p = 0.1, respectively) extra- 
stimuli. In this combined group of 49 patients, repro- 
ducibility did not vary significantly whether the clinical 
rhythm diagnosis was VT or VF (p >0.9, Table IV) 
As had been previously observed in the drug-free ~ 
state, the day-to-day variability in rhythms induced dur- 
ing repeated drug studies appeared to be random. That _ 
is, rhythms were just as likely to “worsen” (become sus- 
tained; 5 of 11 patients) as they were to improve (be- 
come nonsustained or noninducible; 6 of 11 patients) — 
when identical drug tests were repeated (p >0.9, Table 
IV). ye 


DISCUSSION 
Clinically important changes in the characteristics of » 
an induced ventricular arrhythmia have been reported a 
in up to 27% of patients with clinical sustained ventricu- 
lar arrhythmias, who undergo repeated electrophysio- 
logic testing in the absence of any therapeutic interven-. 
tion.’ This study extends these observations to antiar- _ 
rhythmic drug trials directed by programmed electrical _ 
stimulation, which used an identical stimulation: pro- 
ea o” 
A total of 11 of 49 patients (22%) had significant o 
day-to-day variability in results of electrophysiologic: 
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eutic concentrations of identical antiarrhythmic medi- 
cations. While the magnitude of this variability was 
similar to that observed during drug-free electrophysio- 
logic tests in these patients, its occurrence was not limit- 
ed solely to patients manifesting nonreproducible ar- 
- rhythmias during predrug testing. Such variability was 
_ also as common in patients with a clinical history of 
S sustained VT as it was in those with VF. 
©. Previous studies of reproducibility: No previous 
sudy has specifically addressed the day-to-day repro- 
_ducibility of antiarrhythmic drug trial results using such 
_ = stringent criteria for comparability. The short-term re- 
_ producibility for suppression of inducible sustained VT 
or VF by drug therapy has been reported by Ruskin and 
-Garan to range from 94 to 97%.°’8 The latter figures 
may, however, overestimate the degree of reproducibili- 
ty that is actually present during drug testing. In such 
investigations, only patients whose arrhythmias were 
rendered noninducible by an antiarrhythmic agent dur- 
ing their first electrophysiologic test were customarily 
 restudied. The corresponding group of patients (who 
-had inducible arrhythmias during drug testing) has not, 
coto our knowledge, been similarly evaluated. Our data, 
-> based upon retesting of all patients regardless of what 
a arrhythmias were induced at first study, identified more 
variability in programmed stimulation than previously 
eported. We found this variability to be bidirectional; 
‘upon restudy, rhythms were as likely to become sus- 
tained as they were to become nonsustained or nonin- 
ucible (Table IV). 
A number of factors may account for the variability 
geen in arrhythmias during testing with identical drugs 
at similar plasma concentrations, such as variations 
in patient autonomic tone, stimulation protocol, and 
` changes in stimulation threshold (we observed no signif- 
-< icant differences in threshold among patients who had 
nonreproducible arrhythmias).3?-!° However, other fac- 
© tors may be unique to antiarrhythmic drug trials direct- 
-> ed by programmed stimulation. For example, the pres- 
ence and quantities of active drug metabolites might 
influence such test results. Day-to-day differences in 
- plasma protein binding (not assessed by this study) 
could alter the amount of “free” (unbound) drug avail- 
able to produce an antiarrhythmic effect. Furthermore, 
| acute plasma drug concentrations may not necessari- 
ly correspond to myocardial tissue levels. Particularly 
- when patients are exposed to plasma levels of antiar- 
_ rhythmic agents for longer periods of time, a greater 
-~ degree of tissue penetration may occur, which may alter 
_ the arrhythmia substrate to a greater degree than re- 
-flected by plasma concentrations. 
» However, if drug metabolites or duration of therapy 
exert an influence upon the variability observed in re- 
~ sults of programmed stimulation, this effect is not readi- 
ly predictable. Marchlinski et al! reported a 100% con- 
cordance in results of programmed stimulation between 
itravenous and. oral procainamide at similar therapeu- 
ic plasma concentrations, despite a major difference in 
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Group Sex Test No. 1 Test No.2; 
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VT (200 beats / 
min) ; 
M vW Qu RVR (1 beat) VT (175 beats7 < 
min) È 
M VF Qu NSVT (20 beats VT (280 beats / -1 
at 280 beats / min) 
min) 
M VF Ph VF RVR (2 beats) 
M VF Ph RVR (2 beats) VF i 
1 M WF Pa VT (210 beats/ RVR (3 beats) 4) 
min) SEA 
M VF Pa VT (150 beats/ RVR (2 beats) 
min) 
M VT Pa VT (215 beats/ NSVT (25 beats 
min) at 180 beats / 
min) : 
M VF Qu VF NSVT (18 beats: 
at 270 beats/ 
min) \ 
MOVE Di NSVT (9 beats at VT (250 beats/ > 
180 beats / min) : 
min) 
M VT Ph NSVT (11 beats VT (215 beats/ 
at 220 beats / min) 






min) 









Di = Z or aes neve = nonsustained ventricular tachycardia; Pa = pracain-- 
amide; Ph = phen = quinidine; RVR = repetitive ventricular response; VE s 
sustained ventricular r fibri tion; VT = sustained ventricular tachycardia. 




























studies. Others have suggested that T E i 
amide is considerably less potent than procainamide; 
and probably does not significantly contribute to the ef- _ 
fects of its parent drug.!2-!4 eg 
We observed an important degree of discordance in 
results of programmed electrical stimulation not only | 
when patients were acutely restudied during continued — 
treatment with intravenous procainamide but also dur- 
ing repeated testing of other antiarrhythmic drugs at _ 
approximately equal therapeutic plasma concentrations. 
Phenytoin is not known to have metabolites with active _ 
electrophysiologic properties; metabolites of quinidine _ 
and disopyramide are infrequently found in such con- 
centrations or potency to rival the antiarrhythmic prop- 
erties of the parent drug.'> Yet, patients treated with. 
these medications manifested a degree of day-to-day 
variability comparable to that observed during treat- 
ment with procainamide. S 
Limitations: The selection of patients and drugs for 
restudy was not prospectively determined, but depended _ 
upon patients’ clinical tolerance of tested drugs at thera- 
peutic concentrations, and their willingness to be retest- 
ed. The gender, age and electrophysiologic characteris- 
tics of the study patients did not differ. from those wh 
were not studied twice during drug treatment. Mor 
over, criteria for inducibility, reproducibility and accep 
able plasma concentrations of antiarrhythmic: agen 
were determined prospectively, before data review. 
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‘This sudy did not include an analysis of rhythm 
morphology as a criterion for reproducibility. The clini- 
cal relevance of rhythm configuration during drug test- 
ing is controversial. Even among patients with clinical 
sustained VT of a single morphology, most may mani- 
est multiple morphologically distinct tachycardias 
during programmed stimulation-directed testing of dif- 
erent antiarrhythmic drugs.’ Thus, an assessment 
f reproducibility by the diversity in tachycardia config- 
‘uration may be less clinically meaningful than a criteri- 
‘on based upon the ability to repeatedly induce a sus- 
tained ventricular arrhythmia. 
. The ideal protocol and end points for programmed 
Stimulation are controversial.!’-!® Although our protocol 
used. up to 4 extrastimuli, the frequency of induced 
sustained ventricular tachyarrhythmias was no greater 
than that observed in comparable studies using fewer 
extrastimuli.!? VF was induced in 5 patients with nonre- 
producible arrhythmias, but 4 of these 5 patients (80%) 
had documented clinical VF. Recent work has support- 
ed the prognostic significance of inducible VF in such 
patients whose presenting clinical arrhythmia is VF.2° 
. For those who might wish to assess the frequency of 
ducible and nonreproducible arrhythmias from fewer 
programmed extrastimuli, such data are provided in 
Figures 1 and 2. Of note, because inducibility and re- 
producibility are inversely related, stimulation protocols 
that result in fewer nonreproducible arrhythmias may 
also fail to identify inducible arrhythmias for which the 
patient remains at risk. Finally, if the induction of either 
sustained or nonsustained VT are regarded as equiva- 
lent end points during electrophysiologic testing, the fre- 
quency of nonreproducible arrhythmias (induction of ei- 
ther sustained or nonsustained VT versus at most 1 to 3 
repetitive ventricular responses) would only diminish to 
6% in group I (Table IV), and the overall conclusions 
this study would remain unchanged. 
Implications: Among patients with coronary artery 
disease, important day-to-day differences in rhythms 
provoked by programmed electrical stimulation are ob- 
served both in the drug-free state as well as when identi- 
cal antiarrhythmic drugs at comparable therapeutic 
lasma concentrations are tested. This variability or 
noise” within electrophysiologic testing is not readily 
attributable to. the clinical arrhythmia, nor to the char- 
acter of the arrhythmia (reproducible or nonreproduci- 
ble) induced in the drug-free state. Drug trials direct- 
ed by programmed electrical stimulation should there- 

‘ore be cautiously interpreted because time-associated 
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Exaggerated Pressure Response to Exercise i in 
Men at Risk for Systemic Hypertension 


Michael F. Wilson, MD, Bong Hee Sung, PhD, Gwendolyn A. Pincomb, PhD, 
and Wiliam R. Lovallo, PhD 





_ systemic hypertension have greater cardiovascular 
-reactivity to mental and physical stressors. This 

_ study compared cardiovascular responses to exer- 
__ cise in normotensive men (aged 28 + 0.8 years 

ae [mean + standard error of the mean]) at high risk 






blood pressure [BP], n = 20) and at low risk (nega- 
tive history, low normal BP, n = 15) of hyperten- 
sion. All men had normal body weight and exercise 
- tolerance. During graded supine bicycle exercise, 
-35% (7 of 20) of high-risk men had exaggerated 
_ BP responses (2230/100 mm Hg) versus 0% of 
low-risk men, thus forming 3 groups (low risk, 
high-risk normal BP response, high-risk exagger- 
ated response). Cardiac function was measured by 
nuclear cardiography. Cardiac index, peripheral re- 
index, left ventricular ejection fraction and 
‘actility index were measured at rest and dur- 
each exercise work load. High-risk exaggerated 
Dm could not be distinguished from their 













: resting BP or other cardiovascular variables, Dur- 
ing exercise all 3 groups had equivalent increases 
_ In cardiac output. However, the high-risk exagger- 
. ated responders had blunting in peripheral resis- 
_ tance decline, resulting in excessive BP increases. 
"This finding suggests an impaired capacity for ex- 
__ ercise-induced vasodilation, indicating that the ex- 
_ aggerated response group may be at vane risk 
_ for future hypertension in these 3 grou 
(Am J Cardiol 1990,66:731-736) 
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Sof Oklahoma Health Sciences Center and Vetera 


THE AMERICAN JOURNAL OF CARDIOLOGY SEPTEMB 






























his study evaluates and compares cardiac function _ 
and systemic vascular hemodynamics at rest and- 
during exercise in normotensive young men who 
are either at low or high risk for hypertension. This. risk’ 
was estimated based on parental history of hypertension 
and on the person’s resting blood pressure (BP). 
Persons with a parental history of hypertension are 

at higher risk of development of the disorder.!? Elevat- 
ed resting pressures within the normal range are also 
predictive of future hypertension. However, assessment © 
of BP based on resting values* has limitations in the _ 
early detection of permanent hypertension and for pre- 
dicting the BP response to physical or mental activity. > 
7 Populations at higher risk of hypertension have greater _ 
cardiovascular reactivity to mental stress and to other 
stimuli.®* It is not uncommon to find a hypertensive — 
response during treadmill or bicycle exercise testing”? 
An exercise BP of 2225/90 mm Hg as a predictor of 
future resting hypertension had a relative risk index of 
2.3 over 32 months.'! An increased ratio of systolic BP 
to heart rate seen with such pressures during moderate 
exercise suggests an impaired vascular response. !>13 
During bicycle exercise we observed an exaggerated 
BP response (2230/100 mm Hg) in 7 of 20 high-risk 
men (35%) and in none of the low-risk men. We report. 
a comparison of resting and exercise cardiovascular dy- 
namics in the 3 groups: low risk, high-risk normal exer- 
cise BP response, and high-risk exaggerated response, 
This delineation should improve our understanding of 
the enhanced neurogenic drive thought to occur in the © 
early stages of essential hypertension.'4-!5 Be 


METHODS pi 

Subjects: Thirty-five normotensive white men, aged __ 
28 + 0.8 years (mean + standard error of the mean), 
who met the inclusion criteria for this study were desig- 
nated either at high or low risk for development of es- 
sential hypertension. The high-risk group, consisting of 
20 subjects, had a parental history of hypertension of 
either or both parents verified by a physician, and high- 
normal resting BP. This was defined as 22 resting BPs 
between 135 to 154 mm Hg systolic and 85 to 90 mm 
Hg diastolic, obtained after being seated upright for 5 
minutes. The low-risk group (15 subjects) had a nega- 
tive parental history and low normal resting BP sIn 
84 mm Hg. 

All subjects signed a consent form approved by 
combined Institutional Review Board of the Univer 













. AltSubjects Low Risk “High Risk 
(n= 35) (n= 15) (n= 20) 
28 (0.8) 27 (1.2) 28 (1.2) coe 
o Height (cm) 180 (1.2) 181 (1.9) 179.7) 0.58 ONS pe 
` Weight (kg) 791.9) 75 (2.3) 82 (2.6) 1.85 6 O0B 

=: Body fat (%)* 22 (0.7) 21 (0.8) 23 (1.0) 2.02 006 bo. 
o Qlgsem?) 2.43 (0.04) 2.29 (0.08) 2.53 (0.1) 3.34 OOL nep 
Treadmill time (min) 14.8 (0.5) 14.9 (0.6) 14.6 (0.7) 0.35 NS 




































133 (1.8) 
77 (1.3) 












117 (2.2) 
66 (2.3) 


126 (1.9) 
72(1.5) 


“Systolic BP (mm He) 
Diastolic BP. (mm Hg) 


Blood Pressures at Phase 1 Screening After 15 Minutes? 


116 (1.5) 130 (1.4) 6.74 0.0001 
68 (2.2) 75(1.5) 2.70 0.02 



















124 (1.6) 
72 (1.4) 


Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 


Blood Pressures at Phase 2 Screening? 


“Systolic BP (mm Hg) 123 (2.1) 113 (2.5) 129 (2.0) 5.05 0.0001 z : 
Diastolic BP (mm Hg) 78 (1.3) 73(1.6) 82 (1.4) 4.24 0.0002 ae 


* Body fat based on skinfold thickness. Data were available for only 19 high-risk subjects. 


+ Entries show means of 3 readings over 5 minutes. RENN 
Values are mean + standard error of the mean. Student's ft test compares low- versus high-risk groups. Phase 1 blood pressures recorded by Critikon, Dynamap (T; ampa; Florida) ees 


: automated monitor. Phase 2 eee were measured by auscultation using the disappearance of Koratkoff sounds as diastolic pressure. 
BP = blood pressure; QI = Quetelet inde: 







































cise. SEE 
Screening: Morphometric measurements included 
height, weight, skin caliper measurements for body fat = 
estimates and calculation of the Quetelet index!® to 
evaluate body type. Other inclusion criteria were: age 
21 to 35 years, weight within 20% of the normal range 
defined by Metropolitan Life Insurance Company tae 
bles, absence of self-reported illnesses, no prior history 
or treatment for hypertension, no current use of pre-  __ 
scription medication, and norma! exercise tolerance by a 
a symptom-limited treadmill exercise test using the Bruce. 
_| Systolic BP(mmHg) 117422) 134(2.1) 132.4) 0.001 protocol. 
. Plestolic BP (mm He) 662.3) 76(1.6)  77(2.4} 0.009 Bicycle exercise: During a 30-minute, supine rest : 
[Phase 1 Screening After 15 Minutes | period the subject’s red blood cells were labeled in vitro 
| systoicBP mmHg 116115) 1320.3) 128.3) 00001 | With 25mCi of technetium-99m and reinjected. Cardio- 
|} Diastolic BP(mm Hg) 6812.2) 751.8) 74(3.1) 0.04 vascular variables were obtained during the baseline 
ie with the subject supine and his feet positioned on the 
| aoa ergometer pedals. The exercise sequence consisted of 3. 
| Systolic BP(mmHg) 1132.5) 128 (2.6) 132(3.1) 0.0002 | minutes at each of the following work loads: 100, 200, 
| Diastolic BP(mmHg) 73(1.6) 82(1.5)  82(2.8) 0.0002 | 400, 600, 800, 1000 kpm or until exhaustion. All sub- 
Values are mean + standard errer of the mean. Low risk, n = 15; high risk, normal, jects were able to perform exercise up to 600 kpm (100 


. ‘hom 13) high risk exaggerated, r = 7. See Table | for description of recording ` i 
_ conditions: watts) inclusive. 


Bot Samar er abbreviations asin Table Instrumentation and cardiovascular parameters: 
An automatic BP monitoring system (Paramed, Palo 
r Alto, California) was used with the cuff placed on the 
fairs Medical Center and were paid for their participa- right arm to record exercise systolic and diastolic BP. _ 
tion. Two sets of BPs were recorded at the end of baseline _ 
~ Study protocol: Each subject had a medical history, and during each exercise level. BPs during screening _ 
physical examination, morphometric measurements, were obtained by a Critikon Dinamap (Critikon, Tam- o 
and a preliminary treadmill exercise test. The bicycle pa, Florica) monitor. oe 
ercise sessions consisted of a rest period, isotope label- Cardiac images were obtained by multiple-gated nu- 
ing of red blood cells, instrumentation and preexercise clear ventriculogram!”’ 8 recorded for the last 2 minu 
baseline measurements of cardiovascular parameters, at each work load to obtain volumes and derived vari 


; TABLE I Subject Characteristics 


High Risk 
Low Risk 
Normal Normal 


-Age (yrs) 27 (1.2) 26 (1.4) 32 (1.6) 

Height (cm) 181.(41.9) 181(2.2) 176(2.4) NS 

: Weight (kg) 75(2.3) 81 (3.7) 82(3.4) NS 

-| Body fat (%) 210.8) 23 (1.4) 25 (1.2) 0.065 
[.Ql(g/em?) 2.2940.04) 2.47 (0.07) 2.65(0.07) 0.005 

-Treadmill time (min) 15.0(0.6) 15.0(0.9) 13.0(0.6) 


Phase 1 Screening After 5 Minutes 







































Phase 2 Screening 
















URNAL OF CARDIOLOGY VOLUMES — 


M Exercise Work Load (kpm) 
group Rest 


“SystolicBP = 18 @0) 126 (2.8) 135 (2.4) 15839): 182089) 
i 130(1.8) 137 (2.6) 145 (2.8) 158(3.1) 183043) - 
| 127 (28) 144 (5.0) 153 (6.4) 1780.7) 2140.9) 

s * kd * * Re eS 
Diastolic BP 7220) 75 (2.2) 740.8) 80 (2.1) 83(3.0) | 
Be 78 (1.7) 82(2.2) 81 (2.1) 80(1.8) 86 (1.5) 

77 (3.3) 86 (3.6) 85 (2.5) 86 (2.5) 94 (3.6) 

haa asec t t t t t 5 
Peripheral 2652 (97) 1787 (93) 1563 (64) 1320 07): 111455) 
resistance 2821 (135) 1958 (121) 1757 (96) 135307) 1209 (71) 
“index 2889 (197) 2157 (188) 1898 (96) 1531 (70) 1347 (99) 

ł ł t + t 


t 


“Myocardial Low 2.30.12) 3.1 (0.2) 3.40.2) 4.4 (0.3) 7.6 (1.2) 
Hi-N 3.1 (0:29) 4.8 (0.8) 6.1 (1.0) 8.5 (2.1) 22.7 (6.9) 
Hi-E 2.70.42) 4:2 (0.7) 4.6 (0.7) 9.9(3.4) 11.5(3.0) 

¢ $ + $ $ 
io Low 2.0 (0.06) 1.6.3) 1.5(0.2) 1.5 (0.3) 1.30.2) 
heart Hi-N 2.10.11) 1.6 (0.2) 1.6.0.3) 1.4 (0.2) 1.30.2) 
ate ratio Hi-EX 2.4 (0.15) 1.8 (0.3) 180.4) 1.70.3) 1.6 (0.3) 

See anes 4$ 3 $ ł 4 
Cardiac index Low 2.70.09) 4,3 (0.2) 49 (0.2) 6.7 (0.4) 8.6 (0.4) 
oe Hi-N 2.8(0.10) 4.3 (0.2) 4.9 (0.3) 6:5 (0.3) 8.1 (0.4) 
Hi-Ex 2.8(0.14) 4.0(0.2) 4.6 (0.1) 6.1 (0.2) 8.3(0.8) 

NS NS NS NS NS 


ENLO T p <0.05; f p.<0.08. Values are mean £ standard error of the mean. S 1 : 
She Unis: systolic and diastolic BP (ram Hg); peripheral resistance index (dynes «$-cm75. m7"); myocardial contractile index (mim Hg/mi); systolic BP to heart rate ratio (mm He/ 
beats/min): cardiac index (liters /min/m*): ; 


SYSTOLIC BLOOD PRESSURE DIASTOLIC BLOOD PRESSURE 
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es and eardac sutput were con- g 


es by dividing by body surface area. 


ated: Shaul resistance index as the ratio of mean 

‘pressure divided by cardiac index, left ventricular 

ion fraction, and myocardial contractility assessed 

the ratio of systolic BP to end-systolic volume. 

ereas the ejection fraction response to bicycle exer- 

e!? is a standard measure of ventricular contractile 

performance, the systolic BP/ end-systolic volume ratio 

_ is less affected by changes in preload or afterload condi- 

- tions???! and has proved to be a sensitive indicator of 
_ changes in cardiac function. 

Statistical analysis: High- and low-risk groups were 
compared for matching variables, morphometric char- 
acteristics, time on treadmill, and screening BP using 
Student’s t test. These same variables were compared 
among low risk, high-risk normal exercise BP, and high- 
risk exaggerated BP groups using a 3-groups, 1-way 
< analysis of variance (ANOVA). 

i Resting data were compared for the 2 risk groups 

-< using Student’s f test and for the 3 groups using a l-way 

ANOVA. Hemodynamic and cardiac activity at rest 

< was represented as the average of 3 sets of supine mea- 
rements taken in the exercise position. 

xercise data were analyzed between the 2 risk 

for each dependent variable using 2 risk groups 

nd high) X 4 exercise stage (100, 200, 400, 600 

pm) ANOVA with a repeated measure over the latter 

riable. The 3 groups were analyzed using a 3-group 

low-risk, high-risk normal BP response, high-risk exag- 

gerated) X 4 exercise stage repeated measure ANOVA. 





110 130 150 
bpm 


ANIGH RISK [HIGH RISK 
NORMAL EXAGGERATED 


Oow RISK 








between systolic blood pressure (SBP) 
rate (HR) fr the 3 risk (RSK) groups at rest and 
l exercise. EH = essential hypertension; 


= low; N, NRM = normal. 


for statistical: si 


RESULTS 

The 2 risk groups (Table D were not diffe 
age, height and symptom-limited exercise treadmill 
time {p >0.05). Subjects in the high-risk group tended 
to be heavier (p <0.08) and to have more body fe 
based on skinfold measures (p <0.06).”2 Their wei; 
(g)/height (cm?) ratio (QI) was greater than that in 
the low-risk group (p <0.01). Systolic and diastolic BPs. 
measured at phase 1 screening were normal for bot 
risk groups, although the high-risk group had increased 
BPs (p <0.001) at both times and at phase 2 screenin, 
(p <@.05). These higher resting systolic and d 
BPs for the high-risk group were accom 
greater contractile activation (p <0.05). T 
activation is also seen in a trend toward highe: 
fraction and lower end-systolic volume in ‘the hi 
than in the low-risk group (p <0.08). The risk gr 
did not differ in baseline heart rate, cardiac index; 
diastolic volume or peripheral resistance, 

Comparison of the risk groups during exercis 
showed that the differences seen at rest remained fot 
systolic and diastolic BPs, contractile index (p <0.05) 
and ejection fraction (p <0.08). This suggests a durabl 
characteristic which remained during exercise. There 
was also a tendency for peripheral resistance to remain 
higher during exercise in the high-risk group (p <0.08) 
thus presenting a consistently elevated resistance a 
each given exercise work load compared with the 
risk group. However, the apparently greater systolic ac- 
tivation of the high-risk group, indicated by greater co: 
tractile index and ejection fraction, did not transl 
into a higher cardiac output. Features of a greater. after 
load with the same cardiac output indicate a greate: 
cardiac work load in the high-risk group and suggest a 
possible reason for the systolic activation. All 15 lọw- 
risk subjects had a normal BP response to exercise. In 
the high-risk group 7 of the 20 subjects (35%) had an 
exaggerated (hypertensive) BP response (2230/100 


mm Hg) at or before maximal exercise work load. One” 


high-risk subject had this exaggerated response at the 
lowest work load (100 kpm), and the other 6 did so at. 
the moderate work load of 600 kpm (100 watts). oS 

Given this remarkable separation of BP response to 
exercise between the low- and high-risk groups, we. 


could now identify a third risk group which was charac- =- 


terized not only by positive parental history for hyper. 
tension and high normal resting BP, but also by an ex 
aggerated or hypertensive BP response to exercise. Th 
question now was whether this third group differed i 












sk group. This was true for both Phases of screening 
‘able ID). 
h comparing the Testing hemodynamic ‘values of 
ects who had an exaggerated BP response to exer- 
cise with the high-risk normotensive responders, there 
ere no distinguishing features in terms of BP, periph- 
ral resistance, cardiac index or myocardial contractili- 
ty, although the ratio of systolic BP to heart rate was 
directionally greater in the group with exaggerated BP 
fable HI). 
During exercise, the exaggerated responders were 
haracterized by greater systolic and diastolic BPs, and 
eater systolic BP to heart rate ratio, but cardiac index 
1 contractility were less than the normotensive re- 
Table III, Figure 1). Examination of periph- 
esistance revealed that high-risk exaggerated re- 
aintained directionally higher levels of resis- 
all stages of exercise (p <0.08) (Table II, 











a 1e exaggerated BP response group showed a differ- 
ent relation between systolic BP and heart rate across 
exercise work loads (Figure 2). The slope of the systolic 
BP/heart rate ratio during exercise was greater (p 
0.05) in the exaggerated responders than in the nor- 
otensive response groups, indicating a heightened sys- 
lic BP elevation for a given increment in heart rate. 
-is consistent with the latter group having an in- 
sed vascular tone during exercise. 

systolic and diastolic BP characteristics of the 3 
groups before, during and after treadmill exercise 
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are depicted in Figure - 3. Resting pressures’ were ie a 
same in the 2 high-risk groups whether the subjects. 
were supine, sitting or standing, and were, therefore, not 
modified by postural reflexes. During exercise there was _ 
a statistically significant separation of systolic and dia- 
stolic BPs among the 3 groups (p <0.001/0.01). In both _ 
low-risk and high-risk normal responders diastolic BP- 
tended to decline during exercise but failed to do so i 
the high-risk exaggerated response group. During reco’ 
ery, with the subjects sitting, diastolic BP in the hig 
risk exaggerated response group showed a sustained lev- 
el in contrast to the normal decrease seen in the other 2 
groups. While only heart rate and BP were recorded | 
during treadmill exercise, the changes during exercise — n 
and recovery are consistent with a pattern of reduced 
vascular depressor response to metabolic and/or neuro- 
hormonal vasodilator substances in the high-risk exag- _ 
gerated response group. On the other hand, this re- 

sponse appeared to be normal in the normotensive re- 
sponders as documented by the decrease in diastolic BP 
during exercise and recovery (Figure 3). 


DISCUSSION o 

Although exercise has been studied in hypertensives 
and borderline groups,*!323 there has been a lack of — 
work in high-risk normotensives. Our most general find- 
ing is that high-risk men had a persistent elevation of 
BP across several stages of exercise. They appear 
show normal cardiovascular regulation and did not 
fer from the low-risk group in the form of their respo 
to exercise, 
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men 5%) had an exaggerated BP response to exercise. 
_ When examined as a separate subgroup, these men had 
: : ysregulation of vascular function during exercise 
geen as an attenuated vasodilation response relative to 
their high-risk counterparts. In contrast, they had the 
game increase in cardiac output as the other groups. 
The net effect was that BP increased disproportionately 
_. with exercise work load. This deregulation is illustrated 
-cina steeper increase in systolic BP for each increment in 
heart-rate. Finally, the same trends in BP deregulation 
were séen during treadmill exercise. These findings sug- 
gest that among high-risk normotensive men, there may 
be a subset which manifests poor vascular regulation to 
exercise and which may be at higher risk than their 
matched counterparts. 

Most prior studies have employed invasive tech- 
niques at rest and exercise that may have produced anx- 
jety resulting in elevated cardiac output and reduced 
vascular resistance. This pattern is frequently observed 
during behavioral states requiring enhanced attention 
and performance and is part of a classic alerting re- 
ponse.?* Borderline hypertensives may show more pro- 
unced changes than normotensives.'° Noninvasive 
surement techniques of cardiac function and cardio- 
scular dynamics as used here have become quite ac- 
curate!’ and reproducible,” and offer an important ad- 
` vantage in obtaining true resting values by limiting the 
-element of anxiety that may activate centrally mediated 
-cardiac and vascular responses.”* 

With regard to the prognostic value of exercise BP, 
‘several observations seem pertinent. In a retrospective 
~ review of 4,856 patients undergoing exercise testing, 
1.1% had an exaggerated response (systolic/diastolic BP 
ae 2230/ 110 mm Hg).'° There was no difference in sys- 
~ tolic pressure between bicycle and treadmill exercise, 

suggesting that the features of this response may be 
brought out by either type of exercise. The moderate 

work load of up to 100 watts (600 kpm) of exercise 

appears to be sufficient for the detection of exercise- 
_ induced hypertensive response.°?3” In this regard all of 
-our subjects who had an exaggerated BP response did so 
at or before this moderate exercise level. These hyper- 
< reactors to exercise had no differences at rest in BP, 
< yascular resistance, cardiac output or contractility in- 

-dexes’from their high- risk counterparts who responded 
normally to exercise. Thus, this response pattern could 
not be predicted from the aforementioned baseline data. 
In this sense the present findings may indicate that rest- 
~ ing BP is limited as an indicator of future hypertension 
‘risk and that stress-related measures may have more 
rognostic value, 

_ The response pattern of the high-risk exaggerated 
ee response group suggests a generally stable characteristic 

_ consisting of an impairment of cardiovascular adjust- 

: to exercise which is not apparent at rest and which 
may indicate a greater risk for the development of fu- 
essential hypertension. Frequent hemodynamic 
e magnitude demonstrated in this study in 
hypertensive high-risk subjects could constitute an addi- 
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tional risk factor for the deve lopment 





left ventricular 
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hemodynamic factors affecting progression of 

regurgitation (MR) after transarterial balloon 

sty in 200 consecutive patients with 

rheumatic mitral stenosis. After valvuloplasty, the 

valve area increased in all patients, from 

: 0.36 to 2.06 + 0.71 cm? (p <0.0001). With 
regard to the basal stage, the mitral valve was 

in 139 patients and there was mild MR 

(grade | in 53, and grade Il in 8). Three pa- 

s had progression of MR induced by a techni- 

deficiency and they were excluded from analy- 

ents were classified into 2 groups on the 

the degree of MR before and after valvulo- 

: group A—no progression of MR (n = 167; 

when the degree of MR did not change, dis- 

red after valvuloplasty, or increased from 

de 0 to l; group B—progression of MR (n = 30; 

: o) when the degree of MR increased to > grade 

ae i. Progression of MR was observed more frequent- 

-. lyin older patients with presence of chronic atrial 

- fibrillation, larger left atrial size and left ventricular 

— volumes, baseline MR, more severe stenosis and a 

lower ejection fraction. Multivariate analysis select- 

ed age, left ventricular volumes and ejection frac- 

__ tion as independent predictors of progression of 

MR. All these factors suggest that progression of 

__ MR after balloon valvuloplasty could be related to a 

ol more advanced degree of disease. 

oe (Am J Cardiol 1990;66:737--740) 






















| Regurgitation After Transarterial Balloon | 
-Valvuloplasty for Mitral Stenosis 


el Sancho. MD, Alfonso Medina, MD, José Suárez de Lezo, MD, Enrique Hernandez, MD, 
Manuel Pan, MD, Ignacio Coello, MD, Miguel Romero, MD, Francisco Melian, MD, 
José Segura, MD, Francisco Jiménez, MD, Ricardo Vivancos, MD, 
Eva Laraudogoitia, MD, and Federico Vallés, MD 


This study analyzes the clinical, echocardiographic_ 


: brillation and v had T odeon a 


ercutaneous mitral valvuloplasty has recently been 

developed as an alternative to surgical treatment 

in patients with rheumatic mitral stenosis. Pre- | 
liminary reports have shown favorable early and mid- 
term hemodynamic results.!!4 The mechanism of dila- 
tion is based mainly on the splitting of the fused com- 
missures, 458 which can lead (as occurs in surgical 
commissurotomy) to a different degree of progression of 
mitral regurgitation (MR). In addition to technical coi 
siderations, factors influencing progression of MR af 
balloon valvuloplasty are not well known.6711.15 Ty 
present study analyzes clinical, echocardiographic and 
hemodynamic factors affecting progression of MR after 
valvuloplasty i in 200 patients with rheumatic mitral ste- 
nosis. brant 


METHODS : 
Patients: The study included the first 200 patients 
enrolled in a cooperative study who presented with — 
symptomatic mitral stenosis and were treated by trans- - 
arterial balloon valvuloplasty. All patients underwent 
clinical and echocardiographic studies before and after 
valvuloplasty. Pliability was defined as minimal or no = 
restriction of the leaflet mobility, absence of significant: 
thickening or calcium at the leaflets, and minimal or no 
subvalvular disease. Before and after dilation, hemody- ` 
namic measurements and a left ventricular angiogram 
(single-plane 30° right anterior oblique projection) were 
obtained. Cardiac output was measured using thermodi- _ 
lution or dye-dilution technique. The left ventricular an: 
giogram was carefully inspected to quantify the vi 
umes, ejection fraction and the degree of subvalv 
fibrosis by the “distance-ratio” measurement.!® Severi 
of MR was graded qualitatively from 0 to IV. The pres 
ence of mitral valve calcium was identified by fluoros- _ 
copy. Angiographic follow-up evaluation was available 
in 39 patients at a mean period of 20 + 7 months after o 
dilation. pan 
Baseline characteristics: The study included - 151 
women and 49 men aged 16 to 73 years (mean + s 
dard deviation 45.2 + 12.3); 68 patients were in Ne 
York Heart Association functional class H, 122 in cl 
IHT and 10 in class IV; 92 patients (46%) h 








































s grade Il in 8. The parti seen by 
py, was calcified in 52 patients (26%). The 
mea distance-ratic was 0.16 + 0.05. One patient had 

nary artery disease. 
Procedure: We always performed a retrograde 
ransarterial approach as described by Babic et al.* Af- 
ter transseptal puncture all patients were given intrave- 
“nous heparin; then, a flow-directed catheter was inflated 
with carbon dioxide and advanced into the apex of the 
left ventricle, and then across the aortic valve into the 
scending aorta. Thr ough this catheter, a long exchange 
* guidewire was passed into the ascending aorta and was 
nared and exteriorized through the left femoral artery 
~ by a retrieval catheter. Sixteen patients had an associ- 
ated aortic valve stenosis that was sequentially dilated 
uring the same procedure.'’ Balloon size selection was 
lways based on echocardiographic and angiographic 
measurements of the mitral anulus. The ratio mitral an- 
-ulus diameter/balloon size was 1.15 + 0.15 (range 0.84 
to 1.47). 

_ |< Definitions: Patients were classified into 2 groups on 
the basis of the degree of MR before and after valvulo- 
plasty. Group A consisted of patients with no progres- 
sion of MR (n = 167; 85%) when the degree of MR did 
ot change after valvuloplasty, disappeared or increased 
from grade 0 to I. Five patients having MR grade II in 
the basal condition persisted with no change after valvu- 
_loplasty, and were not considered to progress. Group B 
consisted of patients with progression of MR (n = 30; 
- 15%) when the degree of MR increased to 2 grade II 
(Figure 1). At the beginning of our experience, 3 pa- 
ients had progression of MR induced by a technical 
complication due to a bad positioning of the balloon, 
and they were excluded from analysis; in 2 of them, 

-MR progressed to grade III and in 1 to grade IV. 





(MITRAL REGURGITATION] 





POST FOLLOW UP 





-dard de 


difference in categori ev 


was viel using stepwise A regression analy- 
sis to determine the independent predictors.of progres 
sion of MR. Only variables achieving univariate statisti- 
cal significance at the level p <0.05 were entered into. 
the multivariate analysis to minimize the problem of oT 
comparison of multiple variables. a 


RESULTS z 

Gibbal results: After valvuloplasty the mean mit 
gradient decreased significantly from 17.2 + T: ws 
+ 3.7 mm Hg (p <0.0001). There were no 
changes in cardiac output (4.33 + 1.13 to 4.47 
liters/min). The mitral valve area increased from ` 
+ 0.36 to 2.06 + 0.71 cm? (p <0.0001). Left ; 
pressure was significantly reduced, from 23.1 + 
12.5 + 6.9 mm Hg (p <0.0001). The basal ejec 
fraction was 0.56 + 0.09 (range 0.30 to-0.75) and: 
unchanged after valvuloplasty. Left ventricular en 
stolic and end-systolic volume indexes also were not 
nificantly modified after valvuloplasty. 

Mitral regurgitation: Figure 1 shows the chang 
observed in the degree of MR immediately after valvu- 
loplasty and at follow-up. In 32 patients MR incre 
from grade 0 to I, which was not considered asi 
cant progression. In 130 patients (66%) the degre 
MR did not change. In 5 patients with grade. Tin 
basal stage, MR disappeared after the procedure.. 
was significant progression of MR in 30 patients ( 
as previously defined (2 grade II). Angiographi 
low-up in 39 patients (32 from group A [19%] an 
from group B [23%]) showed that in 8 patients (21%) -> 
the degree of MR decreased, and in 25 (64%): that de- 
gree did not change. These minor changes were 
served in both groups, but no patients from grou 
progressed to > grade II at follow-up. 

Predictors of progression of mitral regurgitation: 
The univariate analysis of factors influencing p 
sion of MR are listed in Table I. There were no si 
cant differences between both groups in terms of į 


der, previous commissurotomy and the status of the mi- __ 


tral valve as characterized by echocardiographic and- 
angiocardiographic examination. The mean size of the - 
balloon and the anulus/balloon ratio was similar in bot 
groups. However, progression of MR was: signifi 


presence of baseline MR. Additionally, p 
MR was B also associated. with en left 





444 +12.2 490411.3 
77% 70% 
41% 72% 
21% 31% 


Age (yrs). 
D Sex (% female) 


vious commisurotomy 
eee soerenhic 
16.7 +6,0 
11.5482 
54.34+9.0 
33% 


17.8445 
14.1 £8.0 
49.94 8.1 
us (% pliable) 44% 
lynamics 
i 57% 
40% 
0.16 + 0.05 
34% 
18:8 + 8.3 
0.87 + 0.25 
3.64 + 0.96 
0.51 +0.09 
117 +34 
5719 
LORIE TR 
35.24 3.9 
1.164014 


26% 
37% 
0.16 + 0.05 
25% 
17.0470 
1.06 +0.37 
4464111 
0.57 + 0.08 
100+ 31 
44418 
38.8 + 5.2 
34.24 4.0 
1.142015 


ium (fluoroscopic) 
Basal gradient (mm Hg) 
area (cm?) 

€ at output (liters /min) 
Ejection fraction 

“EDVEGmI/m?) 

ESV (mi /m?) 

Mitral anulus angio (mm) 
“Balloon diameter (mm) 





‘Anulus /balloon ratio 
tp'<0.01; tp <0,001. 


‘= angiography; DR = distance-ratio; EDVI = end-diastolic volume index, ESVI = 
vst 


entricular volumes and ejection fraction as in- 


nt predictors of progression of MR. 


SSION 
rdless of the absence of technical mistakes dur- 
ng the procedure, MR may progress in different de- 
after balloon dilatation: The causes of that 
gression are not known. Until now, only anatomic 
riptions of the valve were available from surgical 
findings in patients with severe MR after balloon valvu- 
loplasty.°'* They showed tears. and detachment of the 
eaflets and/or damage of the subvalvular apparatus. 
ft, minor degrees of MR would probably have a 
fferent mechanism.”!!13 Only few studies??!4!5 have 
gated the determinants of progression of MR af- 
vuloplasty. The group from Boston, having had 
in detecting significant predictors of progres- 
revious reports*” ultimately found that a 
y of effective balloon dilating area to body 
; can influence progression of MR.!> In our 
-always tried to adjust the balloon size to 
ographically measured mitral diameter. Conse- 
ently, this factor could not. be identified in our study. 
However, Nobuyoshi et al!4 reported that the only sig- 
ant predictor -of progression of MR was the ana- 
characteristics of the mitral valve according to 
ocardiography. Our findings did not confirm this, In 
none of our parameters evaluating valve anatomy 
i cant predictors: of progression of MR. AI- 
: R quite ar 


Regression 

Coefficient 
ESVI 0.219 
Ejection fraction 0.326 
Age 0.053 
EDV! ~O.115 
Constant ~11.625 


i Standard 
Error : 
0,081 
0.106 
0.026 


0.037 
5.872 





Abbreviations as in Table i. 


technique, definition of progression of MR and diagnos: 
tic methods in evaluating MR. Our analysis is chara 
terized by a larger number of patients in an angiograph: 
ically based study and by excluding those patients who 
developed progression of MR because of technical defi- 
ciencies. In addition, patients having no MR during bas: 
al conditions, in whom MR progressed to grade I after 
valvuloplasty, were not considered as having significant 
progression. That kind of progression is not clinically 
relevant and may even be a temporary phenomenon, no 
comparable to progression to 2 grade II. Midterm fol. 
low-up studies have shown decreases in MR in abou 
50% of patients.!©-!!-!315 Our findings in 39 patients al 
have shown that in 5 of 15 patients (33%) with grad I 
MR after valvuloplasty, the valves became compete: 
follow-up. Thus, minor changes occur and progressio) 
from grade 0 to I or regressions from grade I to 0 wer 
frequently seen after valvuloplasty and at follow ip 
This makes the study of progression of MR difficul 
and explains the different definitions used for pro; 
sion 27-1415 

With our design, the analyzed anatomic featur 
the valve did not predict progression of MR. Howeve 
an older age, a higher ventricular size and a lower | 
tion fraction were independent predictors of progression 
of MR after balloon valvuloplasty. All these factors © 
probably indicate a more advanced state of rheumatic | 
disease as the main cause of that progression, and 
should be taken into account before indicating balloon. 
valvuloplasty. 
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Diagnostic sensitivity and specificity of cineangiog- 
raphy were evaluated by multivariate logistic dis- 
criminant analysis in 32 patients with arrhythmo- 
genic right ventricular (RV) cardiomyopathy, 27 
itients with biventricular dilated cardiomyopathy, 
patients with atrial septal defect and 18 normal 









diomyopathy and biventricular dilated cardiomyop- 
athy, the diagnosis was confirmed by endomyocar- 

_ dial biopsy. All RV values overlapped for the diag- 
nosis of atrial septal defect and arrhythmogenic RV 
- cardiomyopathy; overlapping extended to dilated 

cardiomyopathy for end-diastolic volume and infun- 

ular dimensions. RV ejection fraction appeared 
ed in all the diseases; in particular, mean val- 
dilated cardiomyopathy and arrhythmogenic 
omyopathy were 38 and 53%, respective- 

0.05). Left ventricular quantitative studies 

d a significant difference between dilated and 

nmogenic RV cardiomyopathy, both in terms 

pumping indexes (mean end-diastolic volumes 

vs 91 mi/m? and mean ejection fraction 33 vs 

)%), and indexes of contractility (stress /end-dia- 

stolic volume 3.7 vs 6.7). 

Multivariate analysis disclosed that transversal- 

ly arranged hypertrophic trabeculae, separated by 

deep fissures, were associated with the highest 
probability of arrhythmogenic RV cardiomyopathy 

(p <0.001). Posterior subtricuspid and anterior in- 

fundibular wall buigings were the only other inde- 

pendently significant variables. Coexistence of 
these signs was associated with 96% specificity 

























_ Sogr sographic autonomy among the primary diseases of 
_ the myocardium. 
ee (Am J Cardiol 1990;66:741-745) 
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Diagnostic Accuracy ol Right 
Ventricidogranhy i in Arhiythmozenic | 
Right Ventricular Cardiomyopathy 
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-cardiographic and hemodynamic findings ofp 
o cardiomegaly with severe decrease i in coni cti 







as a diagnostic procedure in evaluating patients 

with arrhythmogenic right ventricular (RV) car- 
diomyopathy.' This gives information about the func- 
tional and morphologic status of the cavities and pari- 
etal walls. Cardiomegaly, deep fissures, margin changes, _ 
localized akinetic or dyskinetic bulges, out-pouchings,’ © 
dilatation of the infundibulum and slow dye evacuation ‘ 
are the most frequently reported diagnostic angiocardio-. ` 
graphic parameters in previous reports.™* These signs 
were associated with adipose or fibroadipose substitu- 
tion of the RV walls, but information confirming their. 
prevalence among patients with different RV patholo- 
gies is lacking. Furthermore, no attempt has been made _ 
to attribute diagnostic specificity and sensitivity to 
them. To determine their prevalence and evaluate t 
diagnostic value, we compared cineangiographic. me 
surements and signs in patients with arrhythmogenic 
RV cardiomyopathy, biventricular dilated cardiomyop- 
athy, atrial septal defect and in normal subjects. 


METHODS 
Cineangiograms of the right and left ventricles were — 
analyzed qualitatively and quantitatively in 4 groups of © 
patients, defined as follows: arrhythmogenic RV cardio- — 
myopathy (32 patients, 16 males, 16 females; mean age _ 
36, range 6 to 63 years); biventricular dilated cardiomy- 
opathy (27 patients, 21 males, 6 females; mean age 43, 
range 19 to 66); atrial septal defect, ostium secundum | 
type (28 patients, 16 males, 12 females; mean age 28, 
range 1 to 67); normal subjects (18 patients, 12 males, 6- 
females; average age 51, range 15 to 68). 
The diagnosis of arrhythmogenic RV cardiomyopa- 
thy was formulated in patients with ventricular arrhyth- 
mias with a left bundle branch block morphology and 
abnormal T wave in precordial leads, on the basis of 2- 
dimensional echocardiographic documentation of local- 
ized or diffuse structural and dynamic anomalies involy- 
ing exclusively or specifically the RV (regional wall mo- 
tion abnormalities, such as hypokinesia, akinesia. and 
dyskinesia and disarrangement of the trabecular pat- 
tern, with a hyperechogenic aspect of the muscular tra- _ 
beculae), in the absence of valve disease, shunts, active 
myocarditis, coronary disease or pulmonary hyperten- 
sion. ; 
The diagnosis of biventricular dilated cardiomy p 
thy was made on the basis of clinical, radiologic. 


Csr tapoi investigation is currently used 





















































DV-RV (mi7 m?) 
SV-RV (mi/m?) 


"diameter (cm) 
Longitudinal axis (crn) 
nfundibular diameter / 
-o ongitudinal axis 
PF EDV-LV (mi /m?) 
EPL (%) 
Mass /EDV-LV 
|: Stress /ESV-LV 
‘CEDV-RV/EDV-LV 
-EF-RV/EF-LV 
‘Statistical significance of mean value differences among groups is marked by 
jetters. Means marked with the same letter are not statistically significant (p >0.05). 
Means marked with different letters are significantly different from p values <0.05. 
ARVO = arrhythmogenic right ventricular cardiomyopathy; ASD = atrial septal 
F defect DC = dilated cardiomyopathy; EDV-LV = end-diastolic volume left ventricle; 
1 OEDV-RV = end-diastolic volume right ventricle; EF-LV = ejection fraction left ventricle: 


PO EF-RV = ejection fraction right ventricle; ESV-LV = end-systolic volume left ventricle; 
OESV-RV = end-systolic volume right ventricle; NS = normal subjects. 





In both arrhythmogenic RV cardiomyopathy and bi- 
“ventricular dilated cardiomyopathy, the diagnosis was 
confirmed by RV endomyocardial biopsy; the histologic 
icture of arrhythmogenic RV cardiomyopathy was 
haracterized by more or less pronounced features of 
“myocardial atrophy due to lipomatosis or fibrolipomato- 


„While that of biventricular dilated cardiomyopathy 
showed myocytes of varying diameter, sarcolysis, nucle- 
ar hyperchromia and variation in size, with perinuclear 
halos and interstitial fibrosis. 
© Ostium secondum-type atrial septal defect was diag- 
` “nosed by passing a catheter from the right to left atrium 
- and oxymetric and angiographic findings of a left-to- 
- right shunt through the interatrial septum. 
The group of normal subjects was made up of pa- 
tients with no abnormalities on electrocardiogram, chest 
x-ray, echocardiography and cardiac catheterization. 
These examinations were performed to evaluate pseudo- 
angina pain or because congenital heart disease was sus- 
pected. 
` The following quantitative RV parameters were cal- 
-culated in each group: end-diastolic volume, according 





tion fraction; 


longiiadindl axis 


anterior free wall, ee wail). ‘Attentio: 
addressed to end-diastolic bulging of the diaphrag 

and subtricuspid regions and the infundibular an 

wall; the prevalent trabecular arrangement ‘(longitu 
nal, transverse) was noted, as well as the presence of 
transversally arranged hypertrophic trabeculae sepa- 


rated by deep fissures and coarse trabeculae in the api- 


cal region (mammilations). RV trabeculae were consid- 
ered hypertrophic when angiocardiography disclosed a 
thickness =4 mm. Cases in which dye persisted in the — 
right ventricle, beyond the duration of levophase, were. 
also recorded, as well as the presence or absence of tri- 

cuspid valve leaflet prolapse. 

In the left ventricle, end-diastolic volume: (aecording : 
to the monoplanar method of Green), ejection fractio 
mass, mass/end-diastolic volume and stress/end-systol 
volume, as well as ventricular kinetics and mitral valve 
morphology, were assessed. In all the patients, except 
those with atrial septal defect, selective coronary angi- 
ography was performed and coronary artery disease was _ 
ruled out. Left ventricular mass and stress were deter- 
mined as described by Kennedy’ and Falsetti® and their 
co-workers, respectively. ves 

Statistical analysis: Qualitative parameters were ini- ` 
tially examined separately by 2 observers and subse- 
quently discussed by 23 observers. 

One-way analysis of variance was used to explore 
the relation between continuous variables and the diz 
nostic class. Comparison of mean values among diffe 
ent classes was made according to the Bonferroni, D 
can and Scheffe tests.” Categorical variables were tat 
lated as contingency tables and their relation with 
diagnostic group was examined by the chi-square. 

To predict the occurrence of arrhythmogenic RV. 
diomyopathy, a multiple regression of the discriminat 
function was performed in the logistic domain. A step- 
wise algorithm was used to select predictor variables. — 

Both continuous (age, end-diastolic volume, end-sys- 
tolic volume, ejection fraction) and categorical variables... 
were simultaneously analyzed. The categorical variables 





TABLE il Significant Angiocardiographic Qualitative Parameters of the Right Ventricle 











Apex dyskinesia 
“Tricuspid prolapse 
Diaphragmatic dyskinesia 

Bulging infundibular 
anterior wall 
K Bulging subtricuspid 





as follows: sex, 1,2; RV kinetics of the apex, 


ypo, a-, dyskinesia), anterior wall, 1 to 3, dia- 

hragm: tic region, 1 to 3, global kinetic score, 1 to 9; 
ubtricuspid bulging, 0 to 1; anterior bulging, 0 to 1; 
contrast, 0 to 1; trabecular mammilations, 0 to 1; tricus- 
p id prolapse, 0 to 1; mitral prolapse, 0 to 1; transverse 
trabeculae plus deep fissures, 0 to 1; hypertrophic trans- 
verse trabeculae, 0 to 1; longitudinal trabeculae, 0 to 1; 
-> hypertrophic transverse trabeculae plus deep fissures, 0 
; trabecular thickness, 1 to 4; left ventricle kinetics, 


a 'ariables with a p value <0. 05 were e allowed i in the 
nodel. The discriminant power of the most significant 


Table I lists the values of cineangiographic quantita- 
tive evaluation of the right and left ventricles in the 4 
diagnostic groups. 

Right ventricle: The quantitative parameters were 
significantly increased in all the categories, compared to 
. the group of the normal! subjects. Analysis of variance 
< disclosed that all parameters overlapped for the diagno- 
of atrial septal defect and arrhythmogenic RV car- 
myopathy. This overlapping extended to biventricu- 
ilated cardiomyopathy for end-diastolic volume and 
‘undibular dimensions. 

eft ventricle: Biventricular dilated cardiomyopathy 

tients differed from the others due to the high end- 


diastolic volume values and the important impairment 


n the indexes of pumping and contractility. In the re- 


_ maining 3 groups, values tended to overlap at the upper 
-c and lower confidence limits and the lowest values were 


_ observed in arrhythmogenic RV cardiomyopathy. 
_». Table H lists the angiocardiographic qualitative pa- 
‘rameters of the RV and discloses significant differences 


. Angiocardiography of right ventricle (RV), end- 
right anterior oblique (long-axis) view: nyppii: 


These patients showed a higher rate of dyskinesia of t 
apex (41%) and diaphragmatic wall (28%); end-diast 
ic bulging of the infundibular anterior wall and subtri- 
cuspid region were found in 75 and 91% of our cases, 
respectively. Tricuspid valve prolapse was significantly _ 
more frequent in the arrhythmogenic RV cardiomyopa- 
thy group (41%) compared to biventricular dilated: 
cardiomyopathy (22%) and atrial septal defect (7%). 
The presence of mammilations of the RV walls or dye 
persistence during levophase did not vary among the 
groups; transverse or longitudinal type arrangement of 
the trabeculae and their thickness also showed no differ- 
ences. ; 
Discriminant analysis disclosed that transversally ar- 
ranged hypertrophic trabeculae separated by deep fis- 
sures (Figure 1) was the qualitative variable most sig- 
nificantly associated with arrhythmogenic RV cardio-| 





FIGURE 2. Angiocardiography of right ventricle (RV), end 
systolic (a) and end-diastolic (b) left anterior oblique dong- 





low sensitivity (56%). 

anterior wall (Figure 2) 

and subtricuspid region (Figure 3) were the only other 
independently significant variables (p = 0.004 and p = 
0,002, respectively) (Table III). Coexistence of these 
signs was associated with 96% specificity and 87.5% 












‘DISCUSSION 
Previous studies have defined the clinical character- 
istics of individuals with arrhythmogenic RV cardiomy- 
opathy, with particular reference to arrhythmogenicity, 
repolarization alterations, familial clustering and the 
risk of sudden death.*~!4 It was stressed that echocardi- 
- ography'>!6 and angiography'-*!’ could constitute valid 
diagnostic tools. In the absence of diagnostic validation 
by means of endomyocardial biopsy, the specificity of 
< the angiographic signs must be defined by comparison 
with normal subjects or patients with other diseases of 

the RV. 
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experience cardiac arrest and sudden dea 





Transwerse hypertrophy plus 


deep fissures 
Bulging, infundibular 

anterior wall 3.1 9 
Bulging, subtricuspid region 3.5 1.2 





All other variables not significant at the 0.05 level 
Sensitivity 87.5% 
Specificity 95.9% 
Correct 93.3% 
False positive 9.7% 
False negative 5.4% 


SE = standard error. 






























































These nosographic categories were determined with 
confidence by means of clinical, invasive and non=“ 
invasive examinations and definitely corroborated by. 
endomyocardial biopsy. In this respect, a previous. 
comparative study of biopsies from patients with ar- 
rhythmogenic RV cardiomyopathy, biventricular dilat- 
ed cardiomyopathy and donor hearts (operative biopsy) 
showed that fatty substitution was the most distinctive _ 
histologic feature of arrhythmogenic RV cardiomyopa- 
thy.'’ The choice of biventricular dilated cardiomyopa- 
thy was dictated by the simple consideration that this — 
disease also affects the RV. The atrial septal defect was 
chosen because it causes a volume overload without pri- 
mary myocardial disease; in this manner, we could es- 
tablish the extent to which the observed morphologic 
alterations were due to a primary myocardial disease or.. 
the consequence of a mere hemodynamic modification. > 
Moreover, we could comparatively evaluate contractile = 
performances and volumes under different conditions. = 

Our results show that arrhythmogenic RV cardio- 
myopathy, despite myocardial atrophy, has lower RV 
end-diastolic volumes than biventricular dilated cardio- 
myopathy and atrial septal defect itself. The mean ejec- 
tion fraction was moderately depressed as in atrial sep- 
tal defect, when compared to the severe depression in. 
biventricular dilated cardiomyopathy. The left ventricle 
end-diastolic volume was slightly increased as compared © 
to atrial septal defect and normal patients. In this re- 
spect, biventricular dilated cardiomyopathy showed the 
largest mean end-diastolic volume increase and most se- 
vere ejection fraction impairment. 

These volumetric and hemodynamic findings con- 
firm that a critical pump deficit in arrhythmogenic RV ` 
cardiomyopathy is not present in the right or in the left 
ventricle. Although the myocardial pathology is atroph-. 
ic-regressive in nature, it does not markedly influence ` 
ventricular contractile performance, at least initiall 
but selectively alters the electrical stability of th 














adox of individuals who are capable of excellent c 
vascular performances in terms of cardiac 





sy findings of arriythmoger | RV cardiom Of 


5S trabecular thickness 
similar behavior because hypertrophic trabecu- 


1, and this was observed i in all: the groups consid- 
egardless of the underlying cause. However, the 
sociation of hypertrophy, transverse arrangement and 
sence of deep conical images of fissures takes on par- 
lar importance. This association was found only in 
e arrhythmogenic RV cardiomyopathy group and is 
cific for this diagnosis, but has a low sensitivity. 

Segmental analysis of RV contraction showed that 

apex and the diaphragmatic wall were the portions 

ostly affected in arrhythmogenic RV cardiomyopathy, 

le the remaining RV free wall was usually spared. 

wever, our analysis indicates that these segmental 
anomalies are not specific for the disease. 

Of major significance instead is the deformation of 
the margins in 2 focal regions, such as the infundibular 
"anterior wall and the subtricuspid area which, together 
with the apex, define the triangle of arrhythmogenic 

cardiomyopathy.’ The presence of end-diastolic 

n these 2 zones is significantly and indepen- 

lated to the diagnostic definition of arrhythmo- 

cardiomyopathy and increases sensitivity to 

hese alterations are also present in the so-called 

led form” and do not necessarily imply overt 

ic abnormalities of the margins.29?! 

though some increases in the mean diastolic vol- 

a slightly decreased ejection fraction were ob- 

e left ventricle did not present specific quanti- 

ative or qualitative findings enabling the diagnosis of 

ar mogenic RV cardiomyopathy. In fact, frankly, 

thologic values were found only in the biventricular 
ated cardiomyopathy group. 
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‘The purpose of this study was to investigate the he- 
modynamic responses, at rest and on exercise, of 
patients with hypertrophic cardiomyopathy to 
-< changes in circulating volume. After Swan-Ganz 
and radial arterial cannulation, 13 patients with hy- 
 pertrophic cardiomyopathy performed maximal ex- 
ercise tests after diuretic (frusemide 20 mg intrave- 
‘nously) and after fluid loading (0.9% saline at 10 
l/kg body weight intravenously) on different days. 
t rest, right atrial and pulmonary capillary wedge 
pressures increased with volume loading and de- 
creased with a diuretic. There were no significant 
changes in the resting, supine cardiac or stroke in- 
exes but in the upright position, the cardiac index 
and stroke index were higher after volume loading 
2.5 + 0.7 vs 2.2 + 0.5 liters/min/m2, p <0.05; 33 
+ 11 vs 27 + 9 mi/m?, p <0.005, respectively). Al- 
igh the right atrial, pulmonary arterial and pul- 
lary capillary wedge pressures were higher dur- 
ing exercise after volume loading, there were no 
significant differences in exercise heart rate, sys- 
temic blood pressure, cardiac index, stroke index, 
systemic vascular resistance index or overall exer- 
cise capacity compared to exercise after diuresis. 
The data show that the cardiac index and stroke 
dex, at supine rest and during upright exercise, 
ere not influenced by the preload changes induced 
1 these patients with hypertrophic cardiomyopa- 
thy. The results suggest that these patients are op- 
erating on the plateau of left ventricular Frank- 
Starling function (filling pressure/output) curve. 
(Am J Cardiol 1990;66:746-—751) 
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hypertrophic cardiomyopathy are myocardial hy- 

pertrophy and a decreased cavity size often in 
sociation with diastolic dysfunction and/or an outflow 
tract gradient.' The cardiac filling pressure or preload is 
an important determinant of the performance of such 
ventricles at rest and on exercise. However, the effects 
of change in preload on haemodynamic function in 
pertrophic cardiomyopathy have only been studied i 
limited extent. The effects of large changes in blood vol 
ume? and the effects of vasodilator agents, such as a yl 
nitrite,’ have been examined at cardiac catheteriza 
with emphasis on the resultant changes in outflow tra 
gradient. However, there is no information on the h 
modynamic consequences. of modest changes in fluic 
volume such as those that might occur in clinical prac- 
tice, for example, diuresis, dehydration or intraveno 
fluid administration. Such changes, diuresis in particu- 
lar, might cause hemodynamic instability, especially on 
exercise when filling time is decreased. Therefore the 
purpose of this study was to investigate the resting id 
exercise hemodynamic response to variations in cit 
ing volume, induced alternately by diuresis and flu 
loading in patients with hypertrophic cardiomyopathy 


T» characteristic features of the left ventricle in: : 


METHODS E 
Patients: The primary inclusion criterion: for 
study was the presence of exercise-limiting symptoms i 
patients with hypertrophic cardiomyopathy. The diag- 
nosis of hypertrophic cardiomyopathy was based onthe 
presence of typical clinical and electrocardiographic 


findings in association with a hypertrophied, nondilated a 
left ventricle on 2-dimensional echocardiography in the 


absence of hypertension, valvular disease or any other 


systemic cause of ventricular hypertrophy.*> Hypertro- ue 


phic cardiomyopathy patients were not considered for. 


study if the patient had any of the following: age <18 or. 
>70 years; overt heart failure; uncontrolled arrhythmia i a 


or permanent pacemaker; history of myectomy or othe: 
cardiac. surgery; history of coronary artery disease c 
myocardial infarction; or other major organ dis 


willing to participate were enrolled, The clinic 
cardiographic and saga lee features o th 





fibrillation, 1 patien 
mtinued digoxin and 2 patients were receiving amio- 

e . 
Study protocol: The study protocol was approved by 
ital ethics committee. All patients gave written, 


ht fast. On the first day of investigation, a. 7Fr, bal- 
pped, thermodilution, Swan-Ganz catheter was 
uced under local anesthesia into the right pulmo- 
artery via the right internal jugular vein using fluo- 
pic control. In 9 patients, the left radial artery was 
ulated with a 20-gauge plastic cannula, while in 4 
ts, systemic blood pressure was obtained by 
momanometer. After instrumentation, patients 
ere taken to the exercise laboratory and sufficient time 
lowed. for recovery. Each patient then proceeded 
‘form an exercise test on consecutive days after 
either. diuretic or volume loading. In the diuretic test, 
each patient was given 20 mg of frusemide intravenous- 
ly and the exercise test commenced 2 hours later. In the 
olume loading test, each patient received 10 ml/kg of 
0.9% saline solution intravenously over 30 minutes and 
exercise test was performed immediately after com- 
of the infusion. The order of administration of 

or volume loading was randomized. 
xercise test: Maximum, symptom-limited: exercise 
performed on a bicycle ergometer (Bosch 
in the upright position. Before the investiga- 
tients performed pilot exercise tests to determine 
k load at which each could exercise for =6 min- 
ithout exhaustion. The definitive exercise tests 
commenced at the predetermined work load 
ean 28 W) and the work load was increased stepwise 
n 22 W) every 3 minutes until limited by symp- 


Hemodynamic measurements: Pressures. were mea- 
sured with the P23 XL Spectramed transducer from a 
erence point 5 cm below the level of the angle of 

ouis in the supine position and from. the fourth inter- 
stal space at the sternal border in the upright position. 
ssures were measured over 22 respiratory cycles and 
ean pressures were obtained electronically. All the 
ascular pressures were recorded using.a polygraph 


Cardiac output was determined. by the thermodi- 
chnique using a cardiac output computer (He- 
Spectramed). At rest, the mean of 3 measure- 

ents that did not deviate by >10% from each other 
was taken. During exercise, the cardiac output was 
measured during the second and-third minute of each 
ge and the mean of these 2 measurements was taken. 
roke index was calculated as cardiac index divided by 
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Baseline (supine) 


Peak Exercise 


Fluid 
(FE) 


Diuretic 
(DE) 


Value 


p 
NS 


Fluid 
(Fu) 


p Diuretic 
Value (DU) 


Fluid 
(FS) 


Diuretic 


Value (DS) 


P 
74412 NŠ 


<0.01 < 
<00 
<0 


132419 128422 NS NS NS 
5.5424 


42415 
645 


3048 


79413 


86415 
22405 
2749 


73413 NS 
28407 NS 





NS NS 


5.342.0 NS 


42413 
1244 
40411 


2540.7 <0.05 


33411 


2640.6 NS 


NS NS 


NS 


<0.005 
<0.001 
<0.001 
<0.001 
<0.05 
NS 


39413 NS 
1043 


38413 NS 


<0.001 <0.05 <0.001 <00 


742 
2146 
1445 

145443 
79411 


3,3954659 3,1484750 NS 


242 
1724 


<0.001 


NS 


643 
2249 
1446 


“Mean RAP (mm Hg) 


29415 <O0l 


2047 
145436 <0.05 


NS 


<0.05. 


<0.005 <001 <0.001 <001 <0: 


167460 NS 


<0.01 


<0.005 NS 


Mean PAP (mm Hg) 


27418 


1848 
161439 


824 
130428 
7547 


<0.001 


NS 


Mean PCWP (mm Hg) 


SAP (mm Hg) 
-1 DAP (mm Hg) 


NS 


135424 NS 
7245 


<0.05 NS 


<005 < 


<0.01 NS 
NS 


87414 NS 


8248 
1,7174635 1,7004640 NS 


NS 


7449 


2,6834519 2,6824674 NS 


NS 


SVRI (dynesscm®/m?) 2,7994436 2,7324554 NS 


<0.01. <0.05 


NS 
not significant; PAP = pulmonary arterial pressure: PCWP = pulmonary capillary wedge pressure; RAP = right atrial pressure; SAP = systolic arterial pressure; S= strok 








heart rate; NS = 


diastolic arterial pressure: HR = 


SVRI= systemic vascular resistance index. 


< Gi = cardiac index; DAP 


volume loading, parses 

peated i in the supine and upright position at 

cise was then begun in the upright position and hemod: 
namic measurements were made during each mim 
exercise. For the purpose of analysis, maximum exercis 
was taken to be the highest 3-minute stage that wa: 
completed in both tests. Pressure measurements given 
for peak exercise are the values obtained in the. third 
minute of this highest stage. Cardiac output measure- 


ments given for peak exercise are the mean of values 


obtained in the second and third minute of this stage. 

Statistical analysis: All group data are expressed as 
the mean + standard deviation. Data were analyzed by 
the 2-tailed Student’s ¢ test for paired and unpaired 
data as appropriate. A p value <0.05. was. considered 
statistically significant. 


RESULTS 

The resting and exercise hemodynamic | studies 
completed without complication. The mean: urin 
put after diuresis was 862 + 259 ml and the mean 
line load was 670 + 132 ml. 

Supine rest: Baseline measurements showed: the the 
patients tended to have low stroke and cardiac indexes 
and high pulmonary capillary wedge pressures com- 
pared to reported normal values (Table II and Figure 
1).6 There were no significant differences between. base- 
line data obtained before diuretic or before volume. 
loading (Table II). The diuresis caused a decrease of ; 
+ 3 mm Hg in right atrial pressure and 4 + 3 mr 
in mean pulmonary capillary wedge pressure witl 
concomitant decrease in systemic arterial pressure (Fij 
ure 1, A and C). Fluid loading increased the right 
and pulmonary capillary wedge pressures by 4 £ 2 and 
6 + 3 mm Hg, respectively (Figure 1A) with a.conco 
itant increase in pulmonary arterial pressure. These 
changes resulted in significant differences between. 
monary and systemic arterial pressures in the postdiure- 
tic and postvolume load states (Table II). However t 
changes in filling pressures did not significantly alter 
heart rate, cardiac index or stroke index in the supine 
position. a 

Upright rest: Change of posture from the supine to: 
the upright position caused significant decreases in right. 
atrial, pulmonary arterial and pulmonary capillary 
wedge pressures, cardiac index and stroke index and in- 
creases in heart rate and systemic vascular resistance. 
index in both the diuresed and volume loaded states — 
(T able IT). The differences. i in filling pressures and arte- 





ests: Exercise duration after diuretic (499 2.4 liters/ min/ m ad 42 + 13 vs 
ds) was not significantly different from that spectively). It is noteworthy that the e: 
dex was. not significantly different from the 
c loads achieved i in both tests were similar (85+ stroke index obtained in the supine position. Alth 
after diuretic versus 83 + 59 W after fluid). there was no significant difference in exercise arterial 
cise data showed the wide range of exercise pressures between diuretic and volume loading, the ‘sys- 
marce that was to be expected from this group of tolic pressure decreased in 2 patients and showed no 
with pits functional caparinos (Figure crease in 1 patient after volume loading (Figure 2 
The 2 patients whose blood pressure decreased durin, 
exercise had mean pulmonary capillary wedge pressures 
at peak exercise of 40 and 28. mm Hg, respectively 


a a 
þ o 


mmHg 


Pulmonary Capillary 


- Wedge Pressure 
mmHg 
Wedge Pressure 





Pulmonary Capillary = 


Diuretic 


pans. 


Cardiac index 
minim? 


Diuretic 








p<0:05 


Systolic Arterial Pressure 
Systolic Arterial Pressure 














lifferences between these 2 groups in the a 
; esponses to diuretic or to volume load. 


-The results of our study indicate that in this group of 
patients with hypertrophic cardiomyopathy: resting car- 
< diac index and stroke index were not altered by signifi- 

cant changes in preload while supine, but were changed 
in the upright position; higher ventricular filling pres- 
sures during exercise after volume loading did not in- 
~ crease either stroke index, cardiac index or exercise ca- 
“pacity; and acute diuresis was well tolerated at rest and 

on exercise. Because of the invasive nature of this study, 
-{t°was not possible to have a normal control group. 


However, comparison of our results to other published 


_ work on preload change suggests that the patients in our 
_ study behaved abnormally.’”-'4 
. Preload and resting hemodynamics: The Frank- 
‘Starling curve describes the relation between end-dia- 
¿stolic fiber length and contraction. Animal and human 
studies have attempted to define a corresponding rela- 
tion between ventricular filling and stroke output in the 
intact organism under various conditions. The effect of 
acute increase of preload by rapid volume loading in 
dogs and baboons showed that stroke volume increased 
in association with an increase of left ventricular end- 
iastolic volume and pressures.” In normal subjects 
in patients with coronary artery disease, it was 
ound that acute blood volume expansion produced an 
rease of central venous, pulmonary capillary wedge 
left ventricular end-diastolic pressures as well as 
cardiac output and stroke volume.?!? On the other 
hand, decrease of systemic venous return decreased the 
left ventricular end-diastolic pressure and volume and 
‘was accompanied by a decrease of cardiac output and 
stroke volume.'*-!© The results of our study in patients 


Diuretic 


of our study are in accordance with previous reports 
that right atrial, pulmonary capillary wedgė, systemi 
arterial pressures, cardiac index and stroke index all in- 


crease while the systemic vascular resistance decreases __ 
during exercise. There are few studies concerning the 
effect of blood volume change on cardiac performance _ 


during exercise, but recent studies in normal subject 


have shown that blood volume expansion increases exer- 


cise eardiac output and stroke volume by 10. to 
20%.!*3-25 When the blood volume was decreased by 
10% with a diuretic, the exercise cardiac output and 
stroke volume were decreased significantly.*4 The re- 
sults of our study are different. We found that i 
tients with hypertrophic cardiomyopathy, the exercise 
cardiac index and stroke index were not influence y 
the preload changes induced. : 
Preload/stroke output relation: There may be : 
number of reasons why we did not observe changes i i 
cardiac output and stroke volume either at supine r 
or on exercise after preload changes. Reflex adjustmen 
to change i in circulating volume involves complex mec 
anisms. Hypervolemia may result in reflex venodilata 
tion and depression of myocardial contractility.” Hypo- 
volemia may be compensated for by increase in hear 
rate and redistribution of blood flow. During exerci: 
adequate systemic venous return can be maintained by 
redistribution of blood flow and increase of venous ton 
in the exercising muscles.2” Mechanisms that simply at 
tenuated the effect of volume change on systemic ve 
nous return were taken into account in our study as car 
diac filling pressures were measured directly, but 
changes in afterload and/or contractility could 


FIGURE 3. Duration of exercise after fluid . 
loading and after diuretic. ns = not signifi 


Post . 


























‘ounded its diuretic effect: 













in this study suggests that these patients are operating 
on the flat portion of the left ventricular filling pres- 
sure/output curve during supine rest and upright exer- 
‘cise. Only i in the upright position at rest, when venous 
pooling i in the lower limbs lowered filling pressure fur- 
ther, was a relation demonstrable. The results suggest 
at the patients hada limited use of the Frank-Starling 
fect to modulate stroke output during exercise and 
at their pressure-volume curves were steep, that is, in- 
creases in ventricular filling pressure resulted in dispro- 
portionately greater increases in ventricular wall stress. 
he relation between ventricular filling pressure and 
lume in these patients could be adversely affected by 
any one of (or a combination of) the diastolic abnormal- 
ities described in hypertrophic cardiomyopathy, namely, 
impaired relaxation and filling,?*29 increased muscle 

mass and stiffness*°3! leading to decreased distensibility 
and a small cavity size**30 (as seen in our patients, 
‘Table I). It is possible that the Frank-Starling fiber 
_length/contraction relation may be preserved but myo- 
cardial fibers may fail to stretch due to chamber stiff- 
ess in hypertrophic cardiomyopathy. Thus, the ob- 
ed failure of stroke output to respond to large 
sin preload may be explained by diastolic dys- 
ut in this study, it was not possible to assess 
ive contributions of different diastolic abnor- 
































al implications: Diuretics have generally been 
to be contraindicated in hypertrophic cardio- 
y. However, no clinical study on the use of 
tics in hypertrophic cardiomyopathy has been pre- 
viously reported. Our study shows that acute diuresis 
well tolerated at rest and on exercise in a selected 
group. of patients with hypertrophic cardiomyopathy. 
Although outflow tract gradients were not measured in 
this study, cardiac output and blood pressure were not 
compromised by diuresis, suggesting that there was no 
ignificant adverse effect on ventricular function. No 
lemodynamic benefit was obtained by exercising in the 
volume loaded state and indeed, systemic arterial pres- 
sure decreased in 2 patients during exercise. These re- 
sults suggest that diuretics may be used safely in select- 
ed patients with hypertrophic cardiomyopathy to de- 
rease left ventricular filling pressures and thereby 
tentially relieve symptoms. Further studies are need- 
o establish the precise role of diuretics in the medi- 
cal management of hypertrophic cardiomyopathy. 
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_utonomic innervation of the heart both directly and 
ndirectly influences conduction through the atrio- 
icular (AV) node.! Sympathetic stimulation di- 
ectly decreases cycle length by way of the sinoatrial node 
nd enhances AV conduction through the AV node. 
‘arasympathetic activity directly increases cycle length 
nd prolongs AV conduction. However, changes in cycle 
ngth cause opposite changes in AV conduction time 
indirect effect), thereby modulating direct effects of 
utonomic activity on AV conduction.'~} This study non- 
asively investigated the net influence of these opposing 
ctors on AV conduction during spontaneous variation 
cycle length. 

o After positioning electrodes to obtain P waves of 
-maximum amplitude, continuous 250-second electro- 
__cardiograms were obtained from supine, resting, normal 
_children. The output of an electrocardiographic monitor 
__ (Hewlett-Packard, model 78833B, Hewlett-Packard 
(BH, West Germany) was high-pass filtered at 10 Hz 
educe low frequency baseline shifts and enhance de- 
in of P waves. The output of the filter underwent a 
analog-to-digital conversion (MacAdios II, GW 
ents, Cambridge, Massachusetts) at 2,000 Hz 
igital data were transferred to a Macintosh Iex 
er (Apple Computer Inc., Cupertino, California) 
ignal processing. Separate templates of the P and R 
es were formed by averaging data from 10 beats. 
ga least-squared error analysis, individual P and R 
waves were aligned to their associated template to pre- 
cisely define their locations with a resolution of 0.5 ms. 
-PR and PP (cycle length) intervals were calculated and 
_ regression analysis was used to determine the relation 
between PR intervals and preceding PP intervals. The 
-cycle preceding and the 7 cycles following any ectopic 
_ beats were excluded from analysis. Data from subjects 
: with >5 ectopic beats were not included in the analysis. 
-Complete studies were obtained from 25 normal chil- 
_ dren, ages 0.5 to 16 years. Data from 4 children with 
ermittent junctional rhythm or frequent ectopic beats 
ere excluded. An average of 344 beats (range 243 to 
583) were analyzed from each subject. Individual mean 
rt rates ranged from 59 to 139 beats/min. Both cycle 
sth and PR interval increased with age (r = 0.63 and 
98, respectively, p <0.01). Continuous data acquired 
_over a 1-minute period from a 12-year-old girl are 
„shown in Figure 1. Changes in cycle length (top panel) 
_ are associated with changes of opposite direction in PR 
a interval (bottom panel). Figure 2 shows the relation be- 
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tween PR interval and cycle length for all measurement 
obtained from this subject. In this example the PR inter- 
val decreases with increasing PP interval with a slope of 
—0.042 (r = 0.82, p <0.001). PR interval varied signifi 
cantly (p <0.01) with:cycle length in 17 of 21 childre 
The PR interval decreased with increasing cycle length i 
14 of 17 subjects and increased in 3 of 17. In the other. 
children, the slope of the relation did not differ signifi 
cantly from zero. As shown in Figure 3, the direction and 
magnitude of the regression slope between PR interv 
and cycle length correlated with the standard deviati j 
of cycle length (r = 0.67, p <0.001). 

Using a noninvasive technique, we have demonstrat ; 
that (1) PR interval changes on a beat-to-beat basis 
normal children, and (2) these changes depend on th 
magnitude of spontaneous cycle length variation. Previ 
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FIGURE 2. Relation between PR interval and cycle lengt 
tained from the subject whose data are shown | n Figure 






manner showed that mean PR interval eee with 
eased mean cycle length (decreased heart rate).* In 
subjects, mean cycle length and mean PR interval 
creased an average of 22 and 2.5 ms/year respectively, 
similar to values obtained in larger populations.* Cycle- 
to-c ycle variations of both cycle length and PR interval 
were unrelated to subject age in our population, consis- 
tent with intracardiac studies of AV conduction.> As op- 
posed to group mean results obtained from standard 
ECGs, our study demonstrated that beat-to-beat PR in- 
terval decreases with increasing cycle length in most nor- 
mal children. However, this finding was not universal. 
When PP variation was small, PR interval and PP 
changed in similar directions, when PP variation was 
_ large, the inverse relation was noted. 

_ Whereas assessment of heart rate variation is fre- 
quently used as a measure of autonomic function, beat- 
to-beat changes in AV conduction have not been compre- 
hensively studied in humans. Assessment of changes in 
PR interval requires precise location of both P and R 
waves of the electrocardiogram. We noninvasively locat- 
ed the P and R waves with a high degree of temporal 
solution (0.5 ms) using a combination of analog filter- 
and digital signal-processing techniques. It is unlikely 
at our results were significantly affected by atrial ec- 
py: All ECGs were reviewed and ectopic beats were 
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GURE 3. Relation between slope of regression line (PR in- 
al versus cycle length) and standard deviation of cycle 
ie godt daa Results of regression 












that our results were iran influen i 
tory effects on P-wave morphology: Although c ang 
PR interval generally reflect changes in A\ | 
time, we cannot eliminate the possibility that our me 
surements of PR interval were influenced by minor shifts 
in pacemaker site, atrial activation sequence or atrial : 
conduction velocities,! 

Heart rate variation is primarily modulated by para- 
sympathetic nervous system activity.ć Increasing para- 
sympathetic tone results in greater heart rate variation 
and, as-our beat-to-beat data suggest, more negative cor- . 
relation between cycle length and PR interval. Multiple 
factors may influence the interaction. between cycle 
length and PR interval including relative responses of the 
sinus and AV nodes to autonomic innervation, effects of 
cycle length on AV nodal conduction, and changes 
atrial conduction. Martin! demonstrated shortening of 
AV conduction time associated with increased ¢ 
length in response to isolated vagal stimuli in a cani 
model. However, previous intracardiac studies of th 
spontaneous beat-to-beat variation of AV conduction. 
dogs have shown parallel changes in AV conduction time 
and cycle length.” Using high resolution digital signal. 
processing, we have found that PR interval varies inverse- 
ly with cycle length in most children, These contrasting- 
results may be due to differences in technique, species or 
maturity, and highlight a complex interaction of dir 
and indirect effects of the autonomic nervous systet 
atrial and AV nodal conduction. =? Noninvasive qu an’ 
cation ef the beat-to-beat relation between PR inte 
and cycle length may represent a new means of assessi 
the influence of autonomic innervation on the pardi 
conduction system. 
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illation | with Propafenone 


on J. Murdock, MBBS, Alison E. Kyles, John A. 
Vorderbrugge, BSN, and Charles R. Kerr, MD 


ne class IC antiarrhythmic drug, propafenone, has 

been used successfully for the prevention of atrial 

lation (AF), with few reported adverse cardiovascu- 

ffects.!-> Propafenone depresses the rate of rise and 

litude of phase O of the action potential, slowing 

uction in the atrium.’ Although it has mild B-adre- 

‘gic antagonist effects, it has relatively less effect on 

ventricular refractoriness, although in AF the ven- 

ar response may slow.° With slower atrial arrhyth- 

uch as atrial flutter, where less concealment of 

tion occurs, it is possible that the same effect on 

ular rate may not be seen. This study defines the 

ence of atrial flutter developing in a heterogeneous 

lation of patients with recurrent AF and observes the 
tricular response during this arrhythmia. 

he case records of patients with a diagnosis of par- 

smal AF attending the Arrhythmia Service at Uni- 

ospital between January 1984 and December 

examined. Therapy in 82 patients was begun 

fenone. In 13 of these patients (16%) atrial 

well as AF had been documented, 5 while 

xin alone, 4 while taking quinidine and di- 

ile taking propranolol and 3 while taking no 

y. Patients had undergone an average of 3.0 

7) drug trials unsuccessfully before entry into 

The mean duration of follow-up was 30 

hs (range 3 to 58). AF was documented by 12-lead 

‘ocardiogram or by Holter monitor in all patients. 

commencing treatment, patients were seen at 3- to 

month intervals or if significant symptoms occurred. 


pop’ 
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E i Characteristics of Atrial Flutter Before and Düring Propafenone Therapy 
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The 12-lead electrocardiograms of all patients were 
examined for the subsequent development of atrial flut 
ter during propafenone therapy. In these patients, the 
ventricular rates during AF, both before any anti, 
rhythmic therapy as well as during the antiarrhythmi 
therapy at presentation to this hospital, were compared 
with the ventricular rate during atrial flutter with propa 
fenone. In addition, changes in the PR intervals and QRS 
duration with propafenone administration were note 

Results are expressed as mean + 1 standard de 
ation. Comparison between the means was obtained us- 
ing Student’s t test for unpaired data. 

Atrial flutter occurred in 14 patients during propa 
fenone therapy. This was a new arrhythmia in 8 patient: 
(9%). Atrial flutter recurred in 6 of the 13 patients wh 
had this arrhythmia before the initiation of therapy. The 
time from commencing propafenone to the onset of. atria 
flutter in these 14 patients was 10 + 14 months (range . 
days to 50 months). The atrial flutter rate during prop. 
fenone treatment was 246 + 38 beats/min. In the 6 p 
tients with atrial flutter before and during propafenon 
therapy the atrial rate slowed from 287 + 17 to 258 + 3 
ms (p <0.05) (Table 1). The PR interval during sin 
rhythm prolonged in all but 2 patients by >0.02 sec 
(range 0.02 to 0.08). No patient developed higher 
grees of atrioventricular block. 

At presentation, before propafenone therapy, I 
these 14 patients were receiving antiarrhythmic therapy 
for recurrent AF. This included digoxin alone (6 p 
tients), 8-blocking agents alone (3 patients), procai 
amide alone (1 patient), digoxin and quinidine (1 pa- 
tient) and digoxin and propranolol (1 patient). The ven- . 
tricular rate during AF recorded during propafenone 
therapy was 103 + 27 beats/min. This was significant 
less than the rate during atrial flutter with propafenone 
(139 + 52 beats/min, p <0.03). The ventricular response 
to AF before the initiation of any antiarrhythmic thera, 
could be determined in only 8 patients and was 15] : 
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(p <0.02). New ORS complex NS e toat least 
ms developed in:4 patients during atrial flutter: Of 
ese patients 2 had 1:1 atrioventricular (AV) conduc- Prete develop in patients with recurrent t AF w 
tion of atrial flutter at 200 (Figure 1) and 275 beats/min, being treated with propafenone. It also highlights th 
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tial for a rapid ventricular response should atrial 
utter develop. 

The atrial rate during atrial flutter with propafenone 
_ was relatively slow, yet the ventricular response was simi- 
_ lar to that observed during AF in the unmedicated state, 
implying less concealed AV conduction during this slow 
utter. Propafenone has a 6-adrenoreceptor antag- 
ffect, but this study suggests that this effect plus 
t effects of propafenone on AV nodal refractori- 
insufficient to prevent rapid AV conduction. A 
iplex tachycardia, which might be confused with 
tachycardia, was seen in 4 patients taking 
one alone and in a fifth patient taking propafen- 
quinidine. The development of the wide QRS 
during tachycardia was demonstrated to be rate- 
ted in 3 of these patients, likely due to the use-depen- 
ent effects of propafenone on myocardial conduction. A 
r complication has been reported with flecainide 
therapy, but not previously with propafenone.° 
The development of atrial flutter, frequently at a slow 
„Tate, may arise owing to the electrophysiologic effects of 
the drug. Propafenone greatly slows atrial conduction 
th only a minor prolongation of refractoriness, favoring 
etuation of reentry with creation of a larger excitable 
articularly if reentry developed around an anatomic 
cle. Atrial flutter might also start more easily be- 
e atrial premature beats would more readily develop 
¢ critical delay and unidirectional block necessary for 
initiation of reentry. 































Another possible explanation is that patients with A 
are also prone to develop atrial flutter and that the associ 
ation with propafenone therapy was coincidental. Atrial 
flutter may have occurred unrecognized in patients be- 
lieved to have only AF. This was a retrospective study 
with no control group. The incidence of atrial flut 
developing in patients receiving no treatment or taki 
other antiarrhythmic therapy is not known. The poss 
bility that patients may have had unrecorded episodes 0 
atrial flutter before propafenone administration can) 
be excluded. 

Because of the potential for transition of AF to atria’ 
flutter with a rapid ventricular response, considera 
should be given for the concomitant administratio 
drugs such as digoxin or -adrenergic blockers that 
long AV nodal refractoriness. 
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Transesophageal Echocardiography in the Evaluation of Prosthetic 


and Native Aortic Valves 


Howard C. Dittrich, MD, Hugh A. McCann, MD, Timothy P. Walsh, MD, Dan G. Blanchard, MD, 
Gary E. Oppenheim, MD, Timothy C. Waack, MD, Linda B. Donaghey, CCvT, and Karen Wheeler, RDCS 


T ransesophageal echocardiography (TEE) has gained 
relatively slow acceptance in North America despite 
its widespread popularity in Europe and Japan.'? 
Through this new acoustic window high-quality images 
of certain posteriorly located cardiovascular structures 
such as the interatrial septum, the left atrial appendage 
and the thoracic aorta, which often prove difficult to 
evaluate in detail from the precordium, can be readily 
obtained. The improved miniaturization and sophistica- 
tion of esophageal transducers, which incorporate simul- 
taneous Doppler and color flow imaging, has precipitated 
application of the technique both in the intraoperative 
and outpatient setting. Transesophageal studies of dys- 
functional native mitral valves have been found extremely 
helpful in defining the cause and quantifying the degree 
of regurgitation.? The advantage of TEE in assessing 
prosthetic mitral valves is even greater because the pros- 
thetic material, which frequently attenuates the signal 
and masks the presence and extent of a regurgitant jet on 
surface echocardiography (echo),* is no longer a problem. 
The same advantage of TEE over surface echo has been 
described to a limited extent in native aortic valve dis- 
ease,>° but this has not been demonstrated in patients 
with prosthetic valves in whom signal quality from within 
the prosthesis is said to be poor and visualization of the 
leaflets incomplete.’ These factors prompted us to review 
our initial experience with TEE in evaluating aortic valve 
dysfunction in both native and prosthetic valves. 
Between August 1, 1988, and August 1, 1989, 127 
TEE studies were performed at University of California 
San Diego Medical Center and at the San Diego Naval 
Hospital. Of these, 30 studies were performed specifical- 
ly to assess aortic valve anatomy and function. These 30 
patients comprise the current study population. All stud- 
ies were performed using either a Hewlett-Packard 
Sonos 500 or Sonos 1000 Ultrasound System (Andover, 
Mass) incorporating a 5-MHz transesophageal trans- 
ducer (model 21362A). All patients had standard 2- 
dimensional echocardiographic studies at our institu- 
tions utilizing a Hewlett-Packard Sonos 500 or 1000 
with a 2.5- or 3.5-MHz transthoracic transducer. Of the 
valves studied, 11 were native aortic valves, 12 were 
tissue prostheses (11 porcine, 1 homograft), 4 were 
Bjork-Shiley mechanical prostheses, and 1 each a Med- 
tronic-Hall prosthesis, a Starr-Edwards prosthesis and 
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a St. Jude bileaflet prosthesis. All but 1 of the studies 
were performed in awake patients. Studies performed in 
awake patients involved the use of topical anesthetic 
spray. When necessary, 25 to 50 wg of the opiate fentanyl 
was given intravenously for sedation. All procedures 
were done with monitoring of pulse and blood pressure 





FIGURE 1. Top, 2-dimensional echocardiogr 

the left ventricular outflow tract (LVOT) and aortic valve with 
a bulky vegetation and an abscess cavity (arrow) between the 
aortic valve and the left atrium (LA) at the base of the mitral 
valve. Botiom, color flow image demonstrating the aortic in- 
sufficiency and flow within the abscess cavity. 


‘aphic image of 


and equipment for suctioning the airway and cardiopul- 
monary resuscitation was immediately available. In gen- 
eral, patients with prosthetic valves received antibiotic 
prophylaxis (1 million units of intravenous penicillin G) 
immediately before the procedure. One patient under- 
went imaging in the operating room immediately before 
cardiac surgery. 

Routine TEE images included the left ventricular 
short-axis view from the gastric fundus and esophageal 
images demonstrating 4-chamber, left ventricular out- 
flow tract, aortic root and basal views, with ultrasound 
depth varying from 4 to 16 cm depending on the focus of 
imaging. 8 Images were recorded continuously using 2- 
dimensional echocardiography, color flow mapping and 
pulsed-wave Doppler and combined color flow/M-mode 
for timing of regurgitant jets. Typical studies in awake 
patients were 9 to 15 minutes in duration. All awake 
patient studies were well tolerated with no complications 
reported. Confirmation of the TEE findings was avail- 
able in 18 of the cases from either surgery, catheteriza- 
tion or autopsy. 

TEE provided useful information in patients with 
native aortic valve disease. A 35-year-old woman was 
receiving treatment for enterococcal endocarditis and 
was continuing to have high, spiking fevers despite ap- 
propriate antibiotics. Surface echo had shown large 
bulky vegetations that appeared unchanged over 3 
weeks. Figure 1 demonstrates a paravalvular abscess 
which was found at TEE. A color flow jet was demon- 
strated within the echolucent space. The patient under- 
went surgery without further diagnostic imaging with 
confirmation of the paravalvular abscess. A 27-year-old 
woman was considered by surface echo to have a subaor- 
tic membrane causing severe stenosis. TEE confirmed 
this membrane and also demonstrated filamentous com- 
munications between the membrane and 2 of the cusps of 
the aortic valve. This information was sufficient for sur- 
gical repair without the need for cardiac catheterization. 
Two patients, both receiving therapy for bacterial endo- 
carditis, were studied and found to have severe aortic 
insufficiency on surface echo; in 1 patient an eccentric 
left atrial jet was also noted. At TEE, both patients were 
Sound to have a subvalvular abscess in the mitral-aortic 
intervalvular fibrosa with an obvious outflow tract to left 
atrial communication (Figure 2). Surgery was per- 
formed on both without preoperative cardiac catheter- 
ization where confirmation of the TEE findings was 
made. In addition, knowledge of the outflow tract to left 
atrial communication in these patients was useful to the 
cardiac surgeons in their surgical approach. The surface 
echo was adequate for identification of the valve pathol- 
ogy in only 4 of the 11 patients with native aortic valve 
disease. TEE was particularly helpful in identifying par- 
avalvular disease not seen from surface echo. 

Nineteen patients had prosthetic aortic valves (4 
Bjork-Shiley, 12 tissue, 1 each St. Jude, Starr-Edwards 
and Medtronic Hall) varying in age from 4 days to 23 
years. In only 2 of the prosthetic valves (1 porcine and 1 
Bjork-Shiley) was visualization of the valve disc or leaf- 
lets suboptimal. In all other cases, the orientation of the 





valve was such that motion of the disc or leaflets could be 
evaluated adequately without significant attenuation by 
the surrounding prosthetic material. In 2 cases, an echo- 
density considered to represent thrombus or vegetation 
was seen either on the aortic side of the valve in systole or 
on the ventricular side of the valve in diastole (Figure 3), 
appearing from behind the attenuation produced by the 
prosthetic material. One patient was found to have limit- 
ed opening of both discs of a St. Jude prosthesis (Figure 
4), which was confirmed by both angiography and sur- 
gery. As with native valves, the greatest advantage of 
TEE involved the identification of paravalvular pathol- 
ogy. Seven patients were found to have paravalvular 
involvement including an aorta to left or right atrial 
communication in 3 and paravalvular aortic regurgita- 
tion in 4. In 1 of the 2 patients with an aorta to left atrial 
communication, the surface echo identified an unusual 
left atrial jet thought to be mitral regurgitation but 
proved to be the fistulous communication on TEE. No 
left atrial jet by surface echo was seen in the other pa- 
tient. Although aortic insufficiency by color and spectral 
Doppler was found on surface echo in all 4 patients with 
paravalvular aortic regurgitation, only TEE was able to 
localize the site of regurgitation accurately. 

This report describes our initial experiences with TEE 
in the evaluation of native and prosthetic aortic valve 
disease primarily in the awake patient. The procedure, 
whether performed in prosthetic or native valves, appears 
to be of diagnostic value in most patients. This is distinct- 
ly opposite to the experience of others’ who pointed out 
the shortcomings of TEE in visualizing the leaflets of 
aortic tissue prosthetic valves. These investigators did, 
however, point out that the sewing ring of the prosthesis 
was well seen. A possible explanation for this discrepancy 





FIGURE 2. A left ventricular outflow tract view of a native 
aortic valve with a prominent systolic outflow tract to left atri- 
al fistula (arrow). LA = left atrium; LV = left ventricle; RV = 
right ventricle. 
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perine with TEE in aluating a 
; in the site of the abnormalities de- 
of acute valvular dysfunction either in 
native or wr prosthetic valves. The abnormality most often I 
lies in and around the anulus or sewing ring, especially 6 sas with infective anocaraite wW 
near the sinus of Valsalva of the noncoronary cusporin surgery for valve replacement solely on th 


i FIGURE 3. Left, enlarged, off-axis view of the left atrium (LA) a left Ventricular outflow tract (LVOT) in systole with no evi- 
‘dence for an echodensity in the LVOT. MV = anterior leaflet of the mitral valve. Right, similar view of LA and LVOT in diastole 
with an echodensity (arrow) that was confirmed to be thrombotic materia! adherent to the aortic valve disc at surgery. The aor- 

tic valve (AV) ring is only partially seen in this view. 


FIGURE Diastolic (lot and systolk (right) views af a ihombosed, stenotic St. Jude aortic valve. Notice the nonparallel posi 
f Mee amen aes (arrow) in midaystola dae So eres That ODS vale opetin 1-A = left atrium, oe 
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zardous procedure because of the bulky vegetations on 
aortic valves. The improved resolution noted 
with TEE in describing and detecting anular and paraval- 
ular lesions of the aortic valve is in keeping with case 
rts in which transesophageal echo detected sinus of 
lva aneurysms associated with infected native and 
thetic aortic valves that were subsequently confirmed 
surgery.>° The ability of TEE to differentiate valvular 
m paravalvular aortic insufficiency in prosthetic valves 
certainly an important advantage over surface echo 
ere serious problems have been shown to exist, espe- 
lly in the case of the Bjork-Shiley prosthesis.!° 
Visualization of the valve disc(s) in the case of Bjork- 
hiley, Medtronic or St. Jude valves and valve leaflets in 
€ Of tissue prostheses was accomplished in almost 
cases, allowing discovery of a thrombus or vegetation 
some and normal leaflet appearance in others. Other 
sports*” have found that visualization of these structures 
rom the transesophageal position is poor. The improved 
lization in the cases presented here may have been 
ue to unusual valve orientation or seating coupled with 
ty heavy deposition of thrombotic or vegetative materi- 
cases, it appeared that exaggerated motion of the 
ive material, seen from behind the prosthesis-in- 
attenuation into a clear imaging plane, allowed 
visualization by TEE. Importantly, motion of 
ilunar discs from a St. Jude prosthesis could be 
nd diminished motion of both discs, as seen by 
confirmed later by angiography and surgery. 
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f ossible Mechanism for Neurologic Ischemic Events in Patients with 
Atrial Septal Aneurysm 


Miguel Zabalgoitia-Reyes, MD, Cesar Herrera, MD, Dipeshkumar K. Gandhi, MD, David J. Mehlman, MD, 
David D. McPherson, MD, and James V. Talano, MD i 


il septal aneurysm (ASA) is a congenital malfor- 
tion of the atrial septum that has been associated, 

other conditions, with transient ischemic attacks 
‘okes.'-° The nature of this relation is unclear. 

c events have been attributed to thrombus forma- 

at the base of the aneurysmal sac.>6 However, 
bility of an associated functionally patent fora- 

s leading to a paradoxical embolus from a right- 

eft shunting also has been suggested.?~4 To help clari- 
this issue, we analyzed the morphologic and functional 
characteristics of the atrial septum in patients with ASA 
1e use of transesophageal contrast echocardiography. 
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From June 1989 to December 1989, 199 consecutiv 
patients underwent clinically indicated transesophag 
echocardiography at our medical center. Transesop 
geal echocardiography was indicated whenever 
transthoracic study was nondiagnostic or inconsist 
with the clinical status. The indications were to in 
gate intracardiac thrombus or masses in 105 pat 
(53%), prosthetic valves in 42 patients (21%), endoca 
tis in 32 patients (16%), mitral regurgitation in 15 p 
tients (8%) and atrial septal abnormalities in 5 patient: 
(3%). Twenty patients (10%) who had the echocard, 
graphic criteria for AS A (see later) made up ours 
population. This group comprised 16 men and 4 wo. 
with a mean age of 59 + 8 years, At the time of the 
19 patients w 
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AF = atrial fibrillation: ASA = atrial septal aneurysm; ASD = atrial septal defect; AVR = aortic valve replacement; MR = mitral regurgitation, MVP = mitral valve prolapse; PFO pa 
tant foramen ovale; R/O = rule out; RVE = right ventricular eniargernent; SBE = subacute bacterial endocarditis; SOE = source of emboli; TEE = transesophageal echocardiogra- 
phy: TIA = transient ischemic attack: TLS = technically limited transthoracic study; VM = Valsalva Maneuver. Seth a à 





During the same period, 2,059 echocardiographic stud- 
‘ies were performed in the same medical center; this re- 
sulted in an overall prevalence of ASA of 1% in routine 
echocardiographic studies. 
_ Esophageal examinations used 5.0 MHz phased-ar- 
ray transducers mounted on modified gastroscopes and 
nterfaced to an RT 5000 (General Electric Medical 
System), or to an HP 77020 AC (Hewlett-Packard Ul- 
trasound Systems). Patients fasted for a minimum of 6 
hours. Glycopyrrolate 0.1 to 0.2 mg and midazolam 
“hydrochloride 1.0 to 3.0 mg were given intravenously as 


premedication. Lidocaine in spray and viscous prepara- 


FIGURE 1. Transesophageal view of right atrium and left atri- 
J of atrial septal aneurysm is depicted. The. 
t membrane of the septum primum (arrow) pro- 


tions was used to anesthetize the oropharyngeal area 
With the patient lying in the left lateral decubitus posi- 
tion, ihe esophageal probe was introduced into t 

esophagus 30 to 35 cm distal to the patient's incisors 


agitated 5% dextrose in water solution via an ante 
vein with and without Valsalva maneuver 


clinical data. 

The presence of a patent foramen ovale’ 
by the immediate appearance of microbubb 
left atrium, after opacification of the righ 


w, 








as defined as a bulging 
‘the left, right or both — 
/ means of transesophageal 


geal echocardiography permitted high- 
solution images in all 20 patients. In each patient, the 
ssa ovalis limbus formed by the septum secundum and 
dundant membrane formed by the septum primum 
clearly identified. All patients had an excellent 
tion of the right atrium and right ventricle by 
ans of contrast echocardiography. There were no dis- 
repancies between the 2 observers regarding the pres- 
f ASA and patent foramen ovale. Table I lists the 
ical and echocardiographic features of the 20 pa- 
ts with ASA. Two patients (10%) had ASA as an 
inding, 1 patient (5%) had a small atrial septal 
at communicated into a large aneurysmal sac 
3) and the remaining 17 patients (85%) had 
ted patent foramen ovale; 2 of these also had 
lve prolapse and 1 had dilatation of the right- 

ded chambers. 

In I patient (5%), the aneurysmal sac protruded only 
to the left atrium; in 3 patients (15%), it protruded 
ly into the right atrium. However, in the remaining 16 

ients (80%), its motion included both atria. In this 

er group, a definitive motion pattern of the ASA was 
d in relation to the cardiac cycle. In end-systole 
‘ole, the aneurysmal sac moved toward 

itrium and in end-diastole and early-systole, it 

rd the left atrium. However, this cyclic mo- 

rn was interrupted by the Valsalva maneuver. 
10-second Valsalva strain, the aneurysmal 
ently bowed toward the left atrium in 17 pa- 

%) and toward both atria in the remaining 3 
this series, no correlation was noted between 

ation pattern of the ASA and the presence of neuro- 


5%) of the 20 patients had had documented 

rain events. In all these patients, an ASA was 

nied by interatrial right-to-left shunting. In 2 of 

patients (40%), additional underlying cardiac 

malities were found (atrial fibrillation in 1, signifi- 

tid artery disease in 1) that could account for 

ogic symptoms. In the other 3 patients (60%), 

¢ origin was suggested on the basis of clinical 

entation, computed tomography or arteriographic 

ngs. One additional patient with patent foramen 

dilatation of the right atrium and right ventri- 

| a history of unexplained syncope. No patient had 

wrdiographic evidence of thrombus in any cardiac 
amber, including the aneurysmal sac. 

Our study presents the largest series of ASA assessed 

by transesophageal echocardiography. The observed 

prevalence of ASA in this series is similar to that reported 

the largest autopsy series of ASA in adults,° that is, 

reason for the higher prevalence in this study, 

red to earlier studies*” of ASA, may be improve- 

ltrasound imaging, increased awareness of this 

bnormality and the recent availability of transesophage- 

graphy. The high incidence of patent fora- 








FIGURE 3. Transesophageal view of right atrium and left ; 
um. Right atrium is filled by microbubbles after contrast 
tion. A large atrial septal aneurysm within left atrium (short 
arrows) is being distended by microbubbles across an atrial 
septal defect (long arrows). LA = lett atrium; RA = right atri 
um; RV = right ventricle. 


men ovale associated with ASA in this series (85%) is 
agreement with both pathologic®® and echocardiograph 
ic? observations, eT ae 
Our study confirms the previously suggested asso 
tion between ASA and ischemic brain events. A 
this study does not provide conclusive evidence of a: 
relation between ASA and cerebrovascular emboli 
frequency of this association merits special consider: 
We were unable to show thrombus in or arou 
aneurysmal septal sac as previously suggested in a 
ropsy series by Silver and Dorsey. However, a hig 
portion of our patients had interatrial right-to-left shun 
ing (85%). Certainly, paradoxic transseptal embolizat 
of a venous-initiated thrombus is a possible explanation 
for the embolic association in this condition. A more. 
difficult causal relation to prove between ASA and isch. 
emic brain symptoms exists when the ASA is associated 
not only with interatrial shunting, but also with mitral 
valve prolapse, atrial fibrillation, mitral stenosis, valve 
prostheses or another independently recognized cause of 
systemic embolism. ae 
Transesophageal contrast echocardiography stron 


+ 


supports the premise that a paradoxical embolus i 
most likely underlying mechanism to explain the relation 
between ASA and ischemic brain events. ASA should be 
considered in patients suspected of having an embo 
arterial event without an obvious cardiac source. In 
these patients, contrast 2-dimensional echocardiography 
should be performed and evidence of ASA particular y 
sought. 
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Effects of Left Ventricular Hypertrophy on the 
Signal-Averaged Electrocardiogram 


Thomas C. Hilton, MD, Terry Greenwalt, Chalapathirao V. Gudipati, MD, Anthony C. Pearson, MD, 


=o and Thomas A. Buckingham, MD 


S G iera averaged electrocardiography (SAECG) has 
<& made possible the identification of late potentials in 
patients at risk of developing malignant ventricular ar- 
rhythmias.'~? Late potentials have been shown to predict 
sudden cardiac death,>4 clinical ventricular tachycar- 
~ diä, 13-6 and ventricular tachycardia that is inducible with 
‘programmed electrical stimulation.®-!'° Sudden cardiac 
~death'!!2 and ventricular arrhythmias!?-!° are more 
prevalent in patients with echocardiographic left ventric- 
ular (LV) hypertrophy. Late potentials might be useful in 
entifying a subgroup of patients with LV hypertrophy 
0 are at high risk to experience clinical ventricular 
hycardia or sudden cardiac death. However, patients 
1 LV hypertrophy may have intraventricular conduc- 
on disturbances and repolarization abnormalities that 
ay interfere with the ability of SAECG to accurately 
detect late potentials. To evaluate the use of SAECG in 
‘patients with LV hypertrophy, we examined 58 patients 
ith SAECG, echocardiography and programmed elec- 
trical stimulation. In this study, we compare the clinical 
characteristics, SAECG findings and electrophysiology 
results of a group of patients with echocardiographic LV 
hypertrophy to a group of patients without echocardio- 
graphic LV hypertrophy. 
he records of approximately 1,000 patients who 
erwent SAECG were reviewed and patients who had 
indergone echocardiography and programmed electri- 
‘cal stimulation were selected. Patients were excluded 
if they had Wolff-Parkinson-White syndrome, bundle 
branch block or a pacemaker. Patients were also exclud- 
‘the M-mode echocardiogram was technically inad- 
equate or if they were on antiarrhythmic therapy. 
'AECGs were recorded after careful skin prepara- 
ion and the application of silver-silver chloride elec- 
rodes: The Arrhythmia Research Technology model 
| or model 1200 EPX machines were used to record 
‘onal X, Y and Z leads. The signal from each lead 
mplified 1,000 times and converted from analog to 
al form.at 16-bit accuracy with a sampling rate of 
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1,000 Hz. Ectopic or noisy beats were rejected bya. 
recognition template generated from the first 8 beats 
least 150 beats were averaged in each recording wi 
noise level <1.0 mV. Pe 

After signal-averaging, the data was filtered using a 
bidirectional digital filter with a bandpass of 40 to 25t 
Hz. The 3 leads were combined in a root-mean-squa 
vector (V = (x? + y? + 27)°°), which was term 
filtered QRS (Figure 1). The beginning and end 
filtered ORS were determined by computer algorith: 
eliminate operator bias. Four SAECG parameters were 
examined and compared between patient groups. These 
parameters included the filtered QRS duration, the du- 
ration of the terminal QRS or low amplitude signa 40 
mV (LAS duration), the root-mean-square of the teri 
nal 40 ms (RMS LAS), and the root-mean-squar 
plitude of the filtered QRS (RMS QRS). Nor 
for these parameters are listed in Table I, Late potenti 
were considered present if 2 of the first 3 paramet 
(QRS duration, LAS duration and RMS LAS) \ 
abnormal. oe 

M-mode echocardiographic measurements of the 
ventricular septum, posterior wall and LV end-di 
dimension were made according to recommendations o; 
the American Society of Echocardiography.” The L 
mass was calculated using an anatomically validated 
modification of the Penn Convention and indexed tc 
body surface area.?'?? LV hypertrophy was considered — 
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TABLE I Comparison of Signal-Averaged Electrocardiogram: i 
Pararneters in Patients With and Without LVH i 
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Normal 


Without 
Value 


With LVH LVH 





Ea 
QRS duration (ms) <120 122 +22 
(88 to 180) - 
35419 
(3 to 88) 
3L 2E 
(8 to 98) 
60420 f 
(250.137) 4 


LAS duration (ms) <40 


RMS LAS (uv) >25 


RMS GRS (uV) 
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16 (76) 
5 (24) 

15(71) 


58415 
29 (78) 

5(22) 
19 (61) 


8 (38) 9 (24) 


7 (33) 9 (24) 
0 10) 

176468 91+ 22 
6(29) 7(19) 
8/19(42) 16/35.(46) 


14 (66) 20(54) 


Combined Signal-Averaged Parame 
Patients With and Without Left Ventrict 


QRS Duration* 
LAS Duration* 
RMS 40 (ms)* 
RMS QRS* 
Combined 

late potentiatst 


* Compared:to clinical events using analysis of variance: f compared. to: > 








jalabi for 2 patients in each group. 


LV mass was >134 g/m? for men or >110 g/m? 
women. 

_Electrophysiologic testing was performed in using a 

ausly described protocol.® The endpoint of the stim- 

protocol was the reproducible induction of a 

d monomorphic ventricular tachycardia. In pa- 

i polymorphic ventricular tachycardia or ven- 

rillation, stimulation was stopped if counter- 
quired. 

ous data is expressed as the mean + standard 

ind compared with one-way analysis of vari- 

ions were compared with the chi-square 

1 p value £0.05 was considered statistically 


When comparing patients with LV hypertrophy to 
vithout LV hypertrophy there were no statisti- 





events using Chi-square test. ’ a 
CVT = clinical ventricular tachycardia; IND = inducible ventricular tachycardia: NS 
= not significant; SCD = sudden cardiac death. Other abbreviations as in Table Il. 


cally significant differences in the QRS duration, L: k 
duration, RMS LAS or the RMS QRS (Table T). How 
ever, the QRS duration was slightly longer in patients 
with LVH (122 + 22 ms vs 103 + 16 ms, p = 0.09). 
No individual SAECG parameter was significant! 
associated with inducible ventricular tachycardia in pa 
tients with LV hypertrophy (Table IHD. However, 3 . 
the 4 individual SAECG parameters (LAS duratio) 
RMS LAS and RMS QRS) were significantly associ. 
ated with inducible ventricular tachycardia in pat 
with no LV hypertrophy, and the association of QI 
duration to inducible ventricular tachycardia was cl 
to statistical significance (p = 0.06). Late potential. 
not associated with inducible ventricular tachycar 
= 0.2) in patients with LV hypertrophy, but in pe 
without LV hypertrophy, late potentials were 
cantly associated with inducibility (p = 0.001) 
Similarly, no individual SAECG parameter was si 
nificantly associated with clinical ventricular tachyce 
dia in patients with LV hypertrophy (Table II). F 
ever, in patients with no LV hypertrophy, the . 
and RMS QRS were significantly associated 
cal ventricular tachycardia (p <0.02). QRS du 
and LAS duration also tended to correlate with cli 
ventricular tachycardia (p = 0.19, p = 0.11, respect, 
ly). Late potentials showed no association with clinica 
ventricular tachycardia in patients with LV hypertrophy, 
but they were significantly associated with clinical ven- 
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ignificant association with sudden cardiac death in ei- 
ther group (Table IH). Late potentials were associated 
with sudden cardiac death in patients with LV hypertro- 
phy (p = 0.04) but not in patients without LV hypertro- 
phy (difference not significant). 
-_ SAECG has made possible the identification of pa- 
tients at high risk of developing ventricular arrhythmia, 
however, clinical use of SAECG has been limited by 
rderline sensitivity, specificity and predictive value of 
this test as a predictor of serious clinical events.? The 
clinical use of SAECG testing might be improved if high- 
“risk populations are tested. Patients with LV hypertrophy 
"represent such a high-risk population! !-!°; however, our 
-results show that LV hypertrophy may interfere with and 
< subtract from the association between SAECG parame- 
ters and ventricular arrhythmias. 
Previous studies have shown the ability of SAECG to 
- predict clinical ventricular tachycardia,>~* inducible ven- 
< tricular tachycardia* 10 and sudden cardiac death.? How- 
ever, no previous studies have separately analyzed pa- 
tients with LV hypertrophy. Based on our findings, the 
exclusion of patients with LV hypertrophy may improve 
-the ability of SAECG to predict inducible ventricular 
tachycardia and clinical ventricular tachycardia, but not 
südden cardiac death. 

- The fact that combined abnormal SAECG parame- 
ters (late potentials) were associated with sudden cardiac 
death only in patients with LV hypertrophy and not in 
patients without LV hypertrophy may reflect the higher 
incidence of sudden cardiac death in patients with echo- 
rdiographic!'-!9 and electrocardiographic!? LV hyper- 
trophy. Positive late potentials in patients with LV hyper- 
trophy may identify a subgroup of these patients at high- 
er risk for sudden cardiac death. Prospective studies will 

~ be needed to confirm this. 

The inducibility of sustained monomorphic ventricu- 
< Jar tachycardia by programmed electrical stimulation is a 
- reliable clinical endpoint for guiding antiarrhythmic ther- 
_ apy. Moreover, we feel that the high degree of association 
between individual and combined SAECG parameters 
and inducible ventricular tachycardia in patients without 
-LV hypertrophy and the absence of such an association in 
o patients with LV hypertrophy is the most significant find- 
ing in this study. 

The most important limitations of our study relate to 
: the small size and highly selected nature of the study 
. population. Data derived from a small population of pa- 
-< tients who have undergone programmed electrical stimu- 
- lation cannot be extrapolated to the population at large. 
Our findings may be most useful in the interpretation of 
_ SAECGs on patients being considered for programmed 
electrical stimulation. 

Thus, individual and combined SAECG parameters 
are significantly associated with inducible ventricular 
tachycardia and clinical ventricular tachycardia in pa- 
ents without echocardiographic LV hypertrophy but not 
n patients with echocardiographic LV hypertrophy. 
He These data meni that LV hypertraphy. interferes with 
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for ventricular arrbytbm 
‘to determine the mechanisr 










see if the findings are consi 
populations. 
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ment of drug-refractory 
ipraventricular tachycardia 
eatly facilitated by sever- 
rmacologic therapeutic op- 

ese options include catheter 
ablation of the arrhyth- 
ubstrate or the use of anti- 
ia pacemakers. Catheter 
performed for interrup- 
ification of normal or ab- 
trioventricular (AV) con- 
g direct current shocks 
frequency energy.' Intraop- 
ablation of these conduction 
is now only performed in 
g cases: in symptomatic 
have either failed cathe- 


ery for another indication; 
catheter ablation in spe- 

ons, for example, preexci- 

dromes. Implantation of 

ia devices is usually re- 

a few highly selected 
Experimental studies have 

that argon laser ablation of 
specialized AV conduction sys- 

r accessory pathways is feasi- 

3 Since 1986, we have used cath- 
eter delivery of argon laser energy for 
traoperative ablation of malignant 
p ventricular and ventricular 
cçardia.+6 We have previously 
ed its use in supraventricular 
cardia associated with the 
Parkinson-White syn- 

e.>’ In this study, we report our 
clinical experience with nor- 

rmic argon laser catheter abla- 
pecialized AV conduction 

ind examine its clinical elec- 


ewark, New Jersey, and the 
Electrophysiology : Depart- 


ern eart Institute, 350 Boulevard, 
055. 


Patient 1, a 68-year old woman 
with chronic recurrent supraventric- 
ular tachycardia, coronary artery 
disease and old anterior myocardial 
infarction was admitted with a new 
regular wide QRS complex tachy- 
cardia. Electrophysiologic study 
showed dual antegrade AV nodal 
conduction pathways. Single atrial 
extrastimuli induced sustained AV 
nodal reentrant tachycardia at a cy- 
cle length of 370 to 400 ms with in- 
termittent right bundle branch block 
and sustained sinus node reentrant 
tachycardia with a cycle length of 
540 ms with 1:1 AV conduction. Sin- 
gle and double ventricular extra- 
stimuli also induced both supraven- 
tricular tachyarrhythmias. The an- 
tegrade effective refractory period of 
the AV node was 320 ms. Rapid ven- 
tricular pacing also induced sus- 
tained ventricular tachycardia with 
a cycle length of 260 ms with AV 
dissociation. Serial drug testing was 
undertaken. Supraventricular and 
ventricular tachycardia remained 
inducible or incessantly recurred on 
oral digoxin, nadolol, quinidine, re- 
cainam, propafenone, verapamil and 
mexiletine; the patient was intoler- 
ant of procainamide and quinidine. 
Cardiac catheterization revealed to- 
tal occlusion of the left anterior de- 
scending artery with dyskinesia of 
the anterolateral and apical left ven- 
tricle. Preoperative left ventricular 
ejection fraction was 37%. Catheter 
endocardial mapping of 2 ventricu- 
lar tachycardia morphologies was 
performed. Intraoperative mapping- 
guided laser ablation was recom- 
mended for both tachycardias. Writ- 
ten informed consent was obtained. 
After cannulation for cardiopulmo- 
nary bypass, a right atriotomy was 
performed using pulsed laser energy 
and endocardial mapping of the low 
right atrium was performed to de- 
fine the Bundle of His. Mapping was 


continued superiorly to define the 


argon laser sblation of the » AV nod, 


region was performed in a noi 
thermic state. Pulse duration was 
0.5 second with interpulse interval. 
of 0.3 second. Total delivered energy 
was 381 J and area of ablated region 
was 1.1 cm? with an energy density of. 
346 J/cm’. During and after lase 
irradiation, the patient develope 
complete AV block with an acceler. 
ated junctional rhythm with a cycle 
length of 750 ms (Figure 1A). The 
right atriotomy was sutured and 
ventricular tachycardia mapping 
and laser endocardial ablation was 
undertaken. Postoperatively, the 
patient recovered 1:1 AV conduction 
within 24 hours. First degree A 
block was noted during sinus rhythm 


recordings. Antegrade AV nodal 
Sective refractory period and Wenck. 
ebach point prolonged to 380 ms at 
postoperative electrophysi 
study. Atrial and ventricular 

lation failed to initiate AV noda 
entrant tachycardia or ventricular 
tachycardia. Six sinus node ret 
trant echo beats were initiated wi 
ventricular extrastimulation. Post- 
operatively, spontaneous atrial 

ter occurred with 2:1 AV block an 
ventricular cycle length of 470 ms 
the absence of antiarrhythmic drugs. 
It was electrically cardioverted ai 
the patient was placed on digox 
Holter monitoring revealed sinus 
rhythm with stable first degree AV 
block (Figure 1B). Exercise testi 
revealed no inducible supraventric: 
lar or ventricular tachycardia witl 
1:1 AV conduction up to 130 beats/ 
min. After exercise, she had nonsus- 
tained atrial flutter/fibrillation. Per- 
manent pacing was not recommend 
ed. After discharge, she was with- 
drawn from digoxin. Subsequent 
Holter monitoring revealed nonsus- 
tained episodes of a regularly irreg- 
ular atrial tachycardia and Tepi- — 
sode of sustained tachycardia last- 
ing 1 minute with an average rate of 
130 beats/min consistent with atri 
flutter with variable block. Ver 
pamil therapy nopi this a ~ 





mias with: 
from 200 to 250 beat. 
umented, Electroph 
documented inducib 


ter with 1:1 AV nod 
to cycle lengths of 250 lef 
bundle branch block. No veniri ilo 


the shortest yas Ae being 
ms. Digoxin, metaprolol, disop 


LASING SITE 


procedures using d 2 
shocks were unsuccessful. ' 
operative PR interval wa 
Using similar mapping tec 
in Patient 1, the Bundle 

POSTOPERATIVE HOLTER identified. Pulsed argon 

RUR tion was performed using both a sa 
ais Heart te: SSO phire lens-tipped probe and 
inas IR ished 300-micron quartz 
ber superior to this location, í 

the medial leaflet of the tric 
valve. This produced 








induced Wenckebach 

at cycle length of 360 a 
diation was then performe 
feriorly just below. the: 

nulus and resulted in imm 
complete AV block with a June 


tal delivered energy was 1462 
the area of ablation was 1.3 cm 
an energy density of 1124 J/cm 
patient remained in this rhyth 
postoperatively. Electrophysiolo: 
studies performed after 10 days 1 


FIGURE 1. Electrophysiologic observations after argon laser catheter irradiation ot Vealed persistent complete AV noda 
"the atrioventricular node in a patient with atrioventricular nodal reentrant tachycar- block not reversed by atropine (Fig 
a. Top, intraoperative recordings of surface electrocardiogram and intracardiac ure 2). A rate-responsive demand 
electrograms immediately after pulsed argon irradiation. ppan o ventricular pacemaker was impi , 
fonts |, AVE and Ve eee pag baie pings ached rare AA laa er vi d- ed. There has been no recurr 
tion, the patient developed the accelerated junctional rhythm shown in the tracings at P’aventricular tachycardi 
cycle length of 750 ms with retrograde atrial activation being readily apparent. The complete AV block per. 
surface QRS morphology is unchanged from preablation appearance. Postoperative- itori 
patient remained in junctional rhythm with a narrow QRS complex for a few th foll 
before reverting to sinus rhythm with first-degree atrioventricular nodal block, 7/070"? JOOWUp. 
postoperative Holter monitor obtained after argon laser catheter modifica- 
nodal conduction in a patient with atrioventricular reentrant 
Note that sinus rhythm with firat deires atiievemtriouiar tack wih a 














ey artery pie 
recommended. Preoper- 


ncontrolled despite digox- 
pranolol, quinidine and vera- 
erapy alone or in combina- 
erative laser ablation of 
induction system was rec- 
ded at the time of coronary 
rgery. His bundle mapping 
ablation was performed as 
bove in the normothermic 
Laser irradiation resulted in 
nt complete AV block with 
ape idioventricular rhythm 
cycle length of 1,130 ms. To- 
d energy was 588 J over 
ion area of 1.5 cm? for an 
msity of 392 J/cm’. Coro- 
ry bypass surgery was com- 
astoperative AV sequential 
stituted. Atrial tachy- 
ed and 3:1 or 4:1 AV 
atterns were observed. 
iologic study performed 
days revealed sinus rhythm 
egree AV nodal block. 


erval 50 ms. The Wenckebach 

as 380 ms. Atrial flutter was 
sociated with 4:1 or 3:1 AV con- 
tion and after conversion, third- 
2 AV nodal block was observed 

re 3). Postoperatively, she de- 
edal edema and bilateral 
thrombophlebitis. She was 

on digoxin, furosemide and 

nous heparin but developed 
-recurrent precordial pain. 

| flutter/fibrillation recurred 

rage ventricular rate of 
gats/min and was now con- 
lea on verapamil. On the nine- 
stoperative day, she devel- 

dden dyspnea and chest pain 


emy 
o id has a low risk. 10 Cathe. 
‘ter ablation with direct current 
“shocks is also clinically effective.!! 


Accessory pathway ablation remains 
possible in selected locations only due 
to concern regarding safety.!? Safer 
and more precise alternative energy 
sources are in development. Radio- 
frequency current and laser energy 
have been suggested for this pur- 
pose.!3!4 Acute and chronic electro- 
physiologic effects of argon laser ir- 
radiation of the AV node can be eval- 
uated from our data. Pulsed laser 
irradiation in the normothermic 
heart produces precise interruption 
of the AV nodal conduction once the 
beam is correctly guided by endocar- 


— 


nyt 
ed in the other patients. P 
covery of AV nodal conduction with 
modification occurred in 2 patien 
who received energy densities- of 
J/cm? and 392 J/cm*. Complete A 
nodal block persisted in patient 2 who 
received high laser energy density 
this was not reverted by atropine or 
exercise. Postoperative atrial ar 
rhythmias, often observed in cardiac. 
surgical patients, were controlled 
with preoperatively ineffective drug 
therapy in both patients with mod: 
fied AV nodal conduction. Thus, 
analysis of our electrophysiolo 
findings suggests that long-term in 
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p I 

onduction block in 

cessory pathways and ventricular 
chycardia substrates.%’ There were 
no deleterious hemodynamic or me- 

- chanical adverse events during or im- 
mediately after laser irradiation. The 
le of laser ablation in the genesis of 

_ possible pulmonary embolism on pa- 
< tient 3 needs comment. The postop- 
- erative clinical course was complicat- 
ed by lower extremity deep-vein 
thrombophlebitis after saphenous 
vein- harvesting. Paroxysmal atrial 
arrhythmias, even with a controlled 
ventricular rate, may also initiate 
» thrombogenesis. While these 2 con- 
` ditions are the most common etiolo- 
gies for postoperative embolic phe- 
“nomena, the possibility of thrombo- 
genesis at the lasing site cannot be 
eliminated. Postoperative echocar- 
-diograms performed in over 40 pa- 
tients with ventricular tachycardia 
and supraventricular tachycardia 
with Wolff-Parkinson- White syn- 
-drome have, however, in our experi- 
ence failed to show evidence of any 
endocardial thrombus at the lasing 


LASER A-V. NODAL ABLATION 
Postoperative EPS 


Atriat Flutter 


‘experience suggests that pulsed laser 


irradiation may provide a precise and _ 


effective energy source for percuta- 


neous catheter ablation of the AV 
conduction system. It has no baro- 
traumatic effect and protection of 
the quartz optical fiber tip from ther- 
mal damage is possible.'!> We used a 
sapphire lens-tipped quartz optical 
fiber for this purpose in patient 2. 
Transmission through a blood-filled 
medium could also dissipate beam ef- 
fects and effective energy delivery. 
Experimental studies have, however, 
suggested that the thermal effects of 
laser energy can be enhanced in a 
blood medium.'® Laser energy, un- 
like radiofrequency current, can be 
effectively applied without direct tis- 
sue contact in a normothermic beat- 
ing heart. Sequential lesions. can pro- 
duce a lesion of defined size and ef- 
fect. Furthermore, electrophysiologic 
effects can be simultaneously moni- 
tored. Effective ablation of normal 
and diseased myocardium has been 
feasible.'? Radiofrequency current 
has been less effective in diseased hu- 
man tissues.'® While our studies sug- 
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TOURE I peciieretve loci ophrysisloaic shady on a patient with refractory atrial 
tachycardia atter laser catheter modification of the atrioventricular node. After coro- 
i bypass surgery, which included an atriotomy, the patient developed recurrent 


atrial flutter as well as atrial tachycardia. Postoperative recordings show atria! flutter 
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study! of streptokinase in 


OK | infarction isone of the 
rtant randomized trials ever 
and when it was published it 

the best evidence then available 

thrombolytic. therapy reduced mor- 
But the ability of the GISSI report 
ves could be substantially com- 

d by misinterpretation by clini- 
ome of the data-dependent sub- 

s that it contained. The prob- 
appropriate interpretation of 
of subsets of the GISSI data 
ver, be. aggravated by a recent 

ion? of some GISSI data that 

jẹ statistically unjustified claim 

e could be a threshold phenome- 

lead: involvement for beneficial 

of streptokinase. The only evi- 
nted: to “support” this claim 
standard | 2-lead electrocar- 

as used to subdivide patients 
ct-extent categories (<4, 4 to 

, 27 affected electrocardiogram 
, the streptokinase-associated re- 
s in the odds of death + I standard 
m were 12% & 13, 35% + 12, 31% 

24% + 12, respectively. 
ors, however, argue that be- 
rst of these reductions, consid- 

on, is not conventionally sig- 

may have discovered a 
ctrocardiogram involve- 

h streptokinase does not 

part from the biological 

uch a threshold, there is 

istically reliable evidence of 

end between these 4 percent- 

or trend = 0.6 standard devi- 

hus, GISSI provides. no 

nce of even a “quantitative” 

ce between the sizes of these per- 
es, let alone any good evidence of a 
itative’’ difference (whereby the ef- 
zero in one category but not in the 
tS) 
he unreliability of data-dependent 
malyses of clinical trials was dis- 

the report of the ISIS-2 trial of 

e plus aspirin,? where it was 
shanalyses are likely to gen- 

umerous false negative results. 
example considered there was the 
tion of whether streptokinase could 
mortality not only in patients with 

infarct but also in patients with a 

revious infarction. Subgroup 

s of one trial! said it did not, sub- 

ip analyses of another trial? said its 
solute benefits among such patients 
re particularly large, while subgroup 
yses of the combined data from both 

; indicated significant benefit in 

(from the United States) concerning a 

article.in the. Journal must be re- 


2 months of the article’s publica» - 
id be. 


be limited (with rare excep: 
e-spaced typewritten pages. 
e submitted E 


both su 


| bcategories (as, perhaps more im 
portantly, did qualitative extrapolations 


-from the overall results of both studies to” 


the subcategories with and without prior 
myocardial infarction). Another example 
was astrology: subgroup analyses? sug- 
gested treatment to be ineffective in pa- 
tients born under Libra or Gemini, but 
highly effective in other patients! It is to 
be hoped that few doctors will let this as- 
trological “finding” directly influence 
who they treat, but if it helps discredit 
data-dependent subgroup analyses then it 
may indirectly influence the treatment of 
many patients, saving some lives. 

More generally, since thrombolytic 
treatments do on balance save lives, it is a 
serious business to claim that a group has 
been identified who should be denied such 
therapy, and such claims should therefore 
be made only if there is statistically seri- 
ous. evidence supporting them (i.e., sup- 
porting a qualitative interaction). In this 
context, a trend that is 0.6 standard devi- 
ations away from zero should certainly 
not qualify as serious evidence. Subgroup 
analyses are fine, as long as appropriate 
statistical considerations* are used to in- 
terpret them. At present, however, there is 
a danger that the subgroup analyses of the 
GISSI investigators will somewhat under- 
mine the remarkable achievement that 
the overall results of GISSI originally rep- 
resented. 

Richard Peto, rrs 
Oxford, England 
19 September 1989 
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REPLY: The human and economic re- 
sources involved in carrying out a large- 
scale trial such as GISSI' allow us to ob- 
tain a lot of information, which all good 
clinicians should use to better understand 
biological and clinical phenomena and to 
prepare future research hypotheses. It 
would be too limiting to reduce the results 
of such a large-scale trial toa simple com- 
parison of the- differences in mortality 


tates between two groups: (control vs 


cardiograms and presented the resu 
The American Journal of Cardiolo 

The criticisms contained in Dr, Peto’s 
letter seem to have been prompted by a 
too clear-cut definition of some of the re 
sults of our statistical analyses, the mai 
conclusions of which can be summarize: 


as follows: (1) Standard electrocardiogra-~ 


phy, a simple and widely used: method, 
may provide a good prognostic index. in. 
cases of acute myocardial infarction. 
(AMI). (2) The extent of AMI revealed 
by the 12-lead electrocardiogram:has a 
greater prognostic power than the site of. 
infarct, regardless of the therapy used. ( 
The reduction in mortality in the strep 
kinase group is statistically significant in.” 
patients with 4 to 5, 6 to 7 and 8 to 9 leads. 
involvement while, in those with small in 
farcts, there was a positive trend (6 
streptokinase patients vs 6.8 control su 
jects) although it did not reach statistica 
significance, “at least in terms of mortal- 
ity.” Mortality rate is too gross an index 
to reveal smaller benefits and might gén- 
erate a “threshold effect” which, we. 
agree, is hardly plausible. In small in- 
farcts, there could be a significant im- 
provement in terms of the preservation of 
ventricular function but any evaluation 
this would require the use of more soph 
ticated methods, such as 2-D echocard 
ography or nuclear angiography. Inany 
case, we would like to emphasize that: 
never suggested that our data might lead 
to the identification of “a group w 
should be denied thrombolytic the: 

as Dr. Peto says. We agree that it isin 

sary to avoid misleading interpretation of 
an exploratory subgroup analysis planned 
a posteriori, which might be understood as 
implying clinical behaviors contradicting 
the main results of the study, but this is 
not the case here. Furthermore, since we 
consider clinical trials to be useful tools in 
understanding biological phenomena, the 
question of an electrocardiogram-based 
prognostic classification of. patients u 
dergoing thrombolysis. was prospectively 
included among the objectives of the 
GISSI-2 study? “a 


Eugenio Santoro, mo 
MariaGrazia Franzosi, mo... 
Gianni Tognoni, mo 
Fausto Rovelli, mo 

Milan, Italy 

20 November: 1989. 
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y by. Meyer: et al! on the mech- 
Sieg sign sheds light in a 


“First, is the increased abdominal pres- 
the prime mover in Kussmaul's sign? 
ould every patient with hepatojug- 

eflux exhibit a Kussmaul’s sign if 

ently deep and slow breaths were 

aken? Have there been studies to deter- 
: frequency of either sign without 

the other, or the relative sensitivity and 
Jecificity of each? Further comments on 
he interrelation of hepatojugular reflux 
d Kussmaul’s sign might clarify what 
physiology they share and how they differ. 
“Second, is it known why Kussmaul’s 
sign. is not characteristic of pericardial 
tamponade? It seems that the 2 factors 
that Meyer et al identify as contributing 


“tothe sign in its diverse settings—inelas- 


of the heart or pericardium and a 

tended venous system—exist in tam- 

e as well: the fluid stretches the se- 

membrane such that it no longer 

with the cardiac cycle. Shouldn't 

1aul’s sign appear in tamponade as 

Does its failure to do so provide any 

Patbaphysiolagic insight? 

Schneiderman, mo 

Farmington, Connecticut 

1 December 1989 


oe A Meyer’ TE, Sareli P, Marcus RH, Pocock W, 
“Berk MR, McGregor M. Mechanism underly- 
:: ing Kussmaul's sign in chronic constrictive peri- 

carditis. “Am J Cardiol 1989,64:1069-1072. 


he comments and questions 
Schneiderman underscore the 


as we understand it, describes 2 interrelat- 

gd phenomena; the first relates to the ab- 

nce of respiratory variation in both pha- 

sic and mean venous pressure in the neck 

and the second to an inspiratory rise in the 

mean venous pressure.'? The purpose of 

our study? was to ascertain which factors 
contribute to the latter. 

“This perhaps appropriate to review the 

role of the pericardium in atrial filling. 

The sudden. decrease in pericardial pres- 

sure that is associated with early ventricu- 

dar systolic ejection lowers the pressure 

ja, and consequently in- 

dient from the large tho- 

he right atrium.’ This in- 

‘o heart coincides with the 

descent, which, in turn, is 


lar 
ney, a fall i in the per 
Thus, the presence of 


“space is an. important det 


al filling, especially duri 


This space: is obliterated im constrictive 
pericarditis (CP). and consequently the 


deep ‘x’ descent so charactetistic of tam 
ponade is not seen in CP. 


Studies of cardiac tamponade’ in which 


the intrapericardial and intrapleural pres- 
sures were measured directly have shown 
little difference in these pressures’ respi- 
ratory variations. Some observers,® how- 
ever, suggest that the intrapericardial 
pressure decreases less than the intra- 
pleural pressure with inspiration. During 
normal] inspiration the negative intratho- 
racic pressure is transmitted to the peri- 
cardial space, albeit to a lesser degree, 
slightly increasing the capacitance of the 
right atrium, especially during the early 
part of ventricular systole. Such an in- 
crease in capacitance will be associated 
with “deepening” of the right atrial ‘x’ 
descent during inspiration, which would 
be perceived by the physician as an in- 
crease in the variability of the venous 
pressures in the neck. In severe tampon- 
ade the mean right atrial pressure may 
increase in response to the rise of intraab- 
dominal pressure during slow deep inspi- 
ration—the “inspiratory hepatojugular 
refux phenomenon.” 7 This increased rise 
in pressure accompanied by greater vari- 
ability (deeper ‘x’ descent) of the neck 
vein pressure is somewhat different from 
the phenomenon seen in CP? 
« In our experience, a similar rise in mean 
right atrial pressure during. slow deep i in- 
spiration is usually observed in patients 
with right-sided heart failure in whom he- 
patojugular reflux can be demonstrated. 
Such an increase in mean pressure is usu- 
ally accompanied by a greater variation in 
the ‘x’ and ‘y’ descents of the venous pres- 
sure. Thus, in a strict sense, we suspect 
that it is only in CP that a rise in venous 
pressure in the neck during slow deep in- 
spiration is dissociated from an increased 
variation in phasic pressures, and that it 
probably is the only condition in which a 
classical Kussmaul’s sign exists. 
Because most authors have defined 
Kussmaul’s sign as an increase in venous 
pressure during inspiration alone and 
have not characterized it further, a retro- 
spective analysis of published data would 
not be useful in estimating the sensitivity 
and specificity of this sign in various con- 
ditions. 


Oxford, England 
Maurice McGregor, mo 
Montreal, Canada 

12 January 1990 


1. Kussmaul A. Ueber schwielige Mediastino- 


Percarditis und den paradoxen puls. Berl Klin’ 


Wochenschr 1873;10:445-448. 
2. Shabetai R, Fowler NO, Guntheroth WG, 


The hemodynamics of cardiac tamponade. and | 
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“1, 1990 issue, on pa: 


5. Morgan BC, Gunt 


Relationship of peric: 
during quiet: respiratio: 


sade. Cire Res 196. 


6. Massumi R, 7 4 

Pooya M, Rios T- Th 

paradoxus in pericardial 

culation 1969(suppl 11139. 

7. Hitzig WM. On mechanism: 
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CORRECTIONS | 


The study, “Effect of Combined 
ministration of Saru lase and Sing 
Chain Alteplase on í 
tion in Acute Myocardi 
Tranchesi etal in the J 
on page 230, has 2'erro: 
number of patients in the 
is 12, not 2; recanalizati 
was obtained in 4 patis 
column (which corres 
23%) and in 4 patients (not 1) 
Group C column. 


The study, “Immediate tapissat 
in Left Ventricular Function After Ca 
dioversion of Atrial Flutter” by Karn 
et al in the November t; 1989 issue 
page 1045, has a misprint on line 9 
second column, secon 
should read, “(p <0, i 
“(difference not T ianificant), 7 


page 988, has an error in the secon 

tence of the last paragraph in the Resu 
section. The sentence should read: “Sin 
distal perfusion essentially controls 
variable of flow while the balloon isin 

ed the relative rates of lactate released 
during this period can be compared from 
the great cardiac vein.lactate concen 
tions. Thus, it should. not read ‘ ‘oxygen 
flow” but rather just simply “flow.” 


In the study, “Prevention of La 
tricular Dilatation After Acute 
dial Infarction by Successful Thrombol 
ic Reperfusion” by Lavie et alin t] 
3, Figures 1 
were inadvertently switched, 
Figure a ‘and vice ver 
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What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
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Coronary 
During Acute Myocardial infarction 
es C. Marshall, Harvey L. Waxman, Anthony Sauerwein, 
Gilchrist, and Peter B. Kurnik 


is study provides demographic and clinical data on 42 pa- 
ts with low-grade residual stenosis at the infarct lesion after 
thrombolysis. Events related to infarct narrowing occurred ear- 
than those not related to infarct narrowing and resulted 

om both thrombosis and vasospasm. 


Etec of Vrapani on Mortality and Major Events 
fter Acute Infarction 


cute Myocardial 
Infarction Trial I-DAVIT nas 
anish Study Group oñ Verapamil in Myocardial 


e studied the effect of verapamil on death and major events 
a double-blind, randomized, placebo-controlled multicenter 
‘ial. Long-term treatment with verapamil after an acute myo- 

ial infarction caused a significant reduction in major 
ts;and we found a positive effect in patients without heart 
re. 


t of Field-Transmitted Electrocardiography on 
“Hospital Thrombolytic Therapy in Acute 


ros Karagounis, Steve K. Ipsen, Michael R. Jessop, Kirk 
M. Gilmore, David A. Valenti, Jeffrey J. Clawson, Sam 
zichman, and Jeffrey L. Anderson 


The impact of a field-transmitted electrocardiogram was as- 
sessed in patients with a possible acute myocardial infarction 
by tests that were performed in the 6 units of Salt Lake City’s 
emergency rescue system. A total of 71 patients with chest 
suggestive of myocardial ischemia were randomized to in- 
eld ECG (n = 34) or no ECG (n = 37). Our data indicate 
hat in-field ECG may be performed efficiently and may speed 
time to in-hospital thrombolytic therapy. 


it io Set of Myocardial infarction Screening 
with Anatomically Documented 


ina C Sevilla, Nancy B. Wagner, William D. Anderson, 
nd E. Ideker, Keith A. Reimer, Eileen M. Mikat, Donald 
onald H. Selvester, and Galen 5. Wagner 


3 screening criteria has been evaluated to deter- 
itivities among patients. with anatomically 


multiple infarctions. The set ol -scréen- 





ing criteria performed just as well for multiple infarcts as 
for single infarcts. Overall sensitivity of the screening s 
71% in all groups. 


796 
Two-Year Outcome After Angiogra 
Documented Myocardial 


David W.M. Muller, Eric J. Topol, Barry $. Geo 
Kereiakes, Lynn G. Aronson, Kerry L. Lee, © we 
Abbottsmith, Stephen G. Ellis, Robert M. Califf, and 
Study Group RG 


A cohort of 810 patients, the majority of who 
urgent or elective mechanical ‘revascularization. 
nous thrombolytic therapy, was followed afte 
charge for a mean period of 18.8 months. All- 
was 3.3%, nonfatal reinfarction occurred i in 5. 


A strategy di intravenous thromboly: 
priate, with predischarge mechanical 1 
ciated with an excellent long-term prognosis. 


Avanindra Jain, Jose Suarez, John J. Mabnarian 
Zoghbi, Miguel A. Quinones, and Mario-S. Verani 


emission computed tomography after dipyridamole. 

lium-201 defects are associated with transient wall motic 
normalities indicative of myocardial ischemia. Because myo- 
cardial oxygen demand did not change significantly, myocard 
al ischemia in these patients is likely to be due to: diminished 
regional blood flow related to a “subendocardial steal” induced 
by dipyridamole. 


807 PAI AEAEE E Soe 
Left Ventricular Dilatation and Pulmonary Thallium 


Uptake After Single-Photon Emission Computed i 
Tomography Using Thallium-201 During Adenosine- 





Abdulmassih 5. Iskandrian, Jaekyeong Heo, Thach N 
Edward Lyons, and Elizabeth Paugh a 


The purpose ef this study was to examine the imp 
left ventricular dilatation and-increased pu 
uptake during adenosine-induced corona 

found that adenosine-induced coronary hi 

LV dilatation and increased: lung t 1 


of subendocarsial ischemia 





an Fi ck-Brentano, Philippe Coudray, Juan Planellas, 
art Motté, and Patrice daillon 


pati nts with stable angina pectoris, we analyzed the time 
course and predictors of the effects of bepridil on QT and QTc 
ni is. Bepridil tended to produce more absolute QTc pro- 
longation i in patients with a short QTe interval or a slow heart 
at baseline compared to ‘patients with a comparatively 
QTc interval or a rapid heart rate. 


of Intravenous Verapamil on Left Ventricular 
and Filling in Stable Angina Pectoris 
Betocchi, Federico Piscione, Pasquale Perrone- 
Filardi, Leonardo Pace, Maurizio Cappelli-Bigazzi, Bruno 
Alfano, Andrea Ciarmiello, Marco Salvatore, Mario Condorelli, 
and Massimo Chiariello 


We studied 12 patients with coronary artery disease, undergo- 
ing right- and left-sided cardiac catheterization as well as si- 
mt taneous radionuclide angiography, before and during intra- 
administration of verapamil. Intravenous verapamil ad- 
tration in patients with CAD led to an improvement in 

ft ventricular isovolumic relaxation and early filling, 

h its direct action on myocardium and changes in the 

i conditions. 


HMIAS AND CONDUCTION DISTURBANCES 


mn Venirea Ar Pn in Patients 20 
~ Silka, Jack Kron, Joel E. Cutler, and John H. 


purpose of this study was to evaluate the responses to 
mmed ventricular stimulation in young patients under- 

going *lectrophysiologic testing. Our data indicated the follow- 
sressive stimulation protocols appear to be required for 

jon of sustained ventricular tachycardia in most young 

patie ts; nonsustained polymorphic VT, as a response to ag- 
ive. prere a a is of uncertain signin, 


Robert J. Hariman, Devi Hu, Jose L. Gallastegui, Karen J. 
Beckman, and Jerry L. Bauman 


patients, we found that nuclea acemake 

able and that their initial cost apt 

longevity and the resulting decrease 

ations. It is reasonable to suggest that further use be made f 
long-lasting nuclear power sources for modern: pacemakers ar 
other implantable rhythm-management devices. 


CONGESTIVE HEART FAILURE 


Effects of Metoprolol on Rest and Exercise Cardiac _ 
Function and Plasma Catecholamines.in Chronic: 
Congestive Heart Failure Secondary to Ischemic or 
Idiopathic Cardiomyopathy 

John W. Nemanich, Richard C. Veith, Itamar B. Abrass, anc 
John R. Stratton : 


Ten patients with chronic congestive heart failure were given o 
metoprolol to examine its effect on cardiac function, aerobic 
capacity and sympathetic nervous system activity. Improy 
ments occurred in both rest and exercise ventricular: perfi 
mance and in aerobic capacity, and were associated with 
decline in resting sympathetic nervous system activity. 





VALVULAR HEART DISEASE 


849 Sri WaT WOT Tape OTT TE Sr amet 
Digital Acoustical Analysis of Normal and Bimodal 
Bjork-Shiley 60° Convexo-Concave Heart Valves _ 
Gerald A. Kien, Bradley Jeffries, Hart V. Katz, Bruce A. 
Herman, Ronaid F. Carey, Daniel J. Chwirut, and fare F 
Bushar 


Fracture of the outlet strut of the Bjérk-Shiley 60° cony 
concave valve has been attributed to a bimodal closing pattern 
in certain valves in which the closing disk rotates about the 
inlet strut, causing upward displacement of the outlet strut 

its eventual fracture, We reported the in vivo. studies 
normal BS60CC valve and the in vitro studies of the normal 
and bimodal BS60CC valves using a digital acoustical signal 
processing technique in which the individual collisions (the im- 
pact history) of the occluder disk with the valve body are re- 
vealed. The bimodal valves showed values significantly greater _ 
than those observed in the normal in vitro valve group and in 
the normal patient population (p <0.0001). 
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“Cardioprotection” — Not All Calcium Antagonists 
Are Created Equal 
Franz H. Messerli 
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Nongeometric Doppler Stroke Volume 
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Par ar of Tricuspid Regurgitation | by Doppler 
Color Flow Mapping After Cardiac Transi ; 
Andreas Mügge, Werner G. Daniel, Gunhild Herrmann 


Rüdiger Simon, and Paul R.Lichtleri 
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Ventricular Tachycardia and Torsades 
ting Pentamidine Therapy 


Kenneth M. Stein, Howard Haronian, ¢ 
Alberto Acosta, Jonathan Jacobs, and. 
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Sarcoma of the Heart 
Michael J. Domanski, Thomas F. Delaney, David E. 
Jr., Mary Goswitz, Arthur Agatston, Eben Tucker, 
Johnson, and William C. Roberts 
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We Think We Are One, We Act As If We Are One, But 


We Are Hot One 
Wiliam C. Roberts 


INSTRUCTIONS TO AUTHORS on page 890 
CLASSIFIED ADVERTISING on pages A60, A62 





Perr" There Ave | 
60,000 ECGs 
In This Picture. 









And you can retrieve any of them in less 
than 6 seconds. 


Add speed and order to your cardiology department 
j with a Burdick ECG Management System, customized 
| to meet your volume and your budget. 


Burdick ECG Management Systems receive ECGs 
for immediate review, editing, printing and storage. 
Clerical and typing time are reduced, copying costs 
and extensive file space eliminated. Retrieval time 
for any ECG record in the system is just seconds. 
And, Physicians, the ER and other departments can 
query existing ECG records at any time—day or night. 


Burdick ECG Management Systems are easy to 
use. Your personnel will receive all the training they 
need on-site from the experts at Burdick. 


Call Burdick at (708) 517-7000 or 1-800-955-5177. 
See how affordable speed and order can be. 


ae 
Burdick 


irdick Corporation * A Siemens Company « Schaumburg, Illinois 60173 USA 
lephone: 708/517-7000 * FAX: 708/517-7036 ° Toll-Free: 1-800/955-5177 
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773 
Frequency of Low-Grade Residual Coronary Stenosis ‘After 
Thrombolysis During Acute Myocardial Infarction 

James C. Marshall, Harvey L. Waxman, Anthony Sauerwein, lan Gilchrist, 
and Peter B. Kurnik 





The demographic, clinical and angiographic characteristics of 42 patients 
with low-grade (<50%) infarct lesion residual diameter stenosis after 
thrombolysis were retrospectively assessed and correlated with clinical 
outcome. The group comprised 21% of a postthrombolysis population a 

experienced frequent readmission and coronary arteriography for chest 
pain. Postinfarction clinical events related to the infarct lesion oceurred 
early in follow-up and resulted from both thrombosis and vasospasm 


779 


Effect of Verapamil on Mortality and Major Events After Acute ae 


Myocardial Infarction (The Danish Verapamil Infarction Trial 
H-DAVIT Il) 
The Danish Study Group on Verapamil in Myocardial Infarction* 


The DAVIT II study demonstrated a beneficial effect of treatment with — 


verapamil, 120 mg 3 times daily, from the second week after an acute > 


myocardial l infarction and the following 18 months. Eighteen-month ma- 
jor event rate (i.e., reinfarction or death) and cardiac event rate (ie; 
reinfarction or cardiac death) were significantly reduced in the verapamil- 
treated patients compared with the placebo-treated patients. The effect 
was most pronounced in patients without heart failure. 


786 
impact of Field-Transmitted Electrocardiography on Time to 
In-Hospital Thrombolytic Therapy in Acute Myocardial 
infarction 

Labros Karagounis, Steve K. Ipsen, Michael R. Jessop, Kirk M. Gilmore, 
David A. Valenti, Jeffrey J. Clawson, Sam Teichman, and 

Jeffrey L. Anderson 





The impact of a field-transmitted electrocardiogram (ECG) was isese 

-inpatients with a possible acute myocardial infarction (AMI) by tests that 
were performed in the 6 units of Salt Lake City’s emergency rescue 
system. A total of 71 patients with chest pain suggestive of m d 
chemia were randomized to in- -field ECG (n = 34) or no o EC 





e on-scene was similar in both groups (16 

- transport averaged 18 minutes in each group. On h 

< tients with AMI were able to receive thrombolytic therap T R- 
minutes, compared with 103 + 44 minutes for 51 historical control pa- 
tients (p <0.01) and 68 + 29 minutes for 6 concurrent control patients 
without in-field ECG. Our data indicate that in-field ECG may be per- 
formed efficiently and may speed the time to in-hospital thrombolytic 
therapy. 


792 ; 
Sensitivity of a Set of Myocardial Infarction Screening Criteria 
in Patients with Anatomically Documented Single and Multiple 
infarcts l 

«Dorina C. Sevilla, Nancy B. Wagner, William D. Anderson, 

Raymond E. Ideker, Keith A. Reimer, Eileen M. Mikat, Donald B. Hackel, 
Ronald H. Selvester, and Galen S. Wagner 





A subset of 3 screening criteria (Q wave 230 ms in aVF, any Q or R wave 
<10 ms and $0.1 mV in V}, and R wave >40 ms in V) has been 
evaluated to determine their true sensitivities among patients with ana- 
tomically documented single (n = 71) and multiple (n = 32) infarctions. 
In the single inferior infarct group, the aVF criterion alone was 83% 
- sensitive, and 90% sensitive when combined with other criteria. The V> 
criterion was 67% sensitive in the single anterior infarct group. No single 
criterion proved sensitive in identifying a posterolateral infarct. This set of 
screening criteria performed just as well for multiple infarctions, with a 
72% cumulative sensitivity. The overall sensitivity of the screening set in 
the 103 patients was 71%. 


796 
Two-Year Outcome After Angiographically Documented 
Myocardial Reperfusion for Acute Coronary Occlusion 

David W.M. Muller, Eric J. Topol, Barry S. George, Dean J. Kereiakes, 
Lynn G. Aronson, Kerry L. Lee, Charles W. Abbottsmith, Stephen G. Ellis, 
Robert M. Califf, and the TAMI Study Group 


A cohort of 810 patients discharged from hospital alive after reperfusion 
therapy for acute myocardial infarction was followed for a mean period of | 
18.8 months. After intravenous thrombolytic therapy, the majority under- 
went urgent or elective mechanical revascularization using coronary angi- 
oplasty (62%) or coronary artery bypass graft surgery (21%) before hospi- 
tal discharge. During the follow-up period, all-cause mortality was 3.3% 
and nonfatal reinfarction occurred in 5.1%. Patients who survived tended 
to be younger, to have better left ventricular function and to have less 
extensive coronary artery disease. These data suggest that a strategy of 
intravenous thrombolysis combined, when appropriate, with predischarge 
mechanical revascularization is associated with an excellent long-term 
prognosis. 





y 
f ed by Dipyridamole Using Thallium-201 gle-Ph 
: Emission Computed Tomography and Two-Dimensional : 
- Echocardiography 
= Avanindra Jain, Jose Suarez, John J. Mahmarian, William A. Zoghbi, 
«Miguel A. Quinones, and Mario S. Verani 


The mechanism of myocardial perfusion defects in 27 patients with coro- 


nary artery disease who underwent thallium-201 single-photon emission- : 


computed tomography (SPECT) was evaluated. SPECT images were 


acquired 50 minutes and 4 hours after oral dipyridamole administration... 


Two-dimensional echocardiograms were obtained concomitantly with 
SPECT for assessing regional wall motion function. Thallium-201 perfu- 


sion defects were observed in 20 of 27 patients (74%), and underwent 
complete or partial filling-in in 16 cases. Fourteen of these patients moe 


(87.5%) had evidence of transient ischemia during dipyridamole, as e 
denced by new wall motion abnormality or worsening of preexisting ab- 
normality by 2-dimensional echocardiography. Ten of 11 patients (91%) 
with normal perfusion or fixed defects by SPECT had no further deterio- 


ration in wall motion after dipyridamole and hence were considered to. _ 


have no evidence of ischemia. Thus, the majority of transient thallium-201 - 
perfusion defects after dipyridamole are associated with transient wall — 
motion abnormalities indicative of myocardial ischemia. E 


807 i st ee 
Left Ventricular Dilatation and Pulmonary Thallium Uptake 
After Single-Photon Emission Computed Tomography Using 
Thallium-201 During Adenosine-Induced Coronary Hyperemia 
Abdulmassih S. Iskandrian, Jaekyeong Heo, Thach Nguyen, 

Edward Lyons, and Elizabeth Paugh 


This study examined the implications of left ventricular (LV) dilatation 
and increased pulmonary thallium uptake during adenosine-induced coro- 
nary hyperemia. The lung-to-heart thallium ratio was significantly higher 
in patients with coronary artery disease (CAD) (n = 52) than in normal > 


subjects (n = 7). There was a significant correlation between the perfusion — : 


abnormality and the lung-to-heart thallium ratio. The LV dilatation was 
mostly due to an increase in cavity dimension and was seen in patients with 
CAD but not in normal subjects. These changes correlated with the 
severity of the perfusion abnormality. Thus, adenosine-induced coronary 
hyperemia may cause LV dilatation and increased lung-thallium uptake 
on the basis of subendocardial ischemia. 


812 
Effects of Bepridil and Diltiazem on Ventricular Repolarization 
in Angina Pectoris 

Christian Funck-Brentano, Philippe Coudray, Juan Planellas, 

Gilbert Motté, and Patrice Jaillon 





In a double-blind, randomized multicenter study attired in patie! 
with stable angina pectoris, we analyzed the time course. and predict 
the effects of bepridi (300 fo 500 mg / day 45) and dilt 





Rapid heart rate. Increased BI a. When the symptoms don’t make 
sense... the reason may be substance abuse. 

Even “occasional” use of cocaine can cause a wide range of physiological and 
psychological symptoms that may mimic systemic disease. Even more frightening i is 
the fact that cocaine can cause sudden death, regardless of the dose, blood ee 
or route of administration. 

Help your patients stop illegal drug use before it stops them. Ask about abuse asa 
routine part of your examination. 
For information, healthcare professionals may call the National Clearinghouse 
for Alcohol and Drug Abuse: 1-301-468-2600, Monday through ray 8: 30 AM 
4: » PM EST 











818 mee 
Effects of Intravenous Verapamil on Left Ventricular 
Relaxation and Filling in Stable Angina Pectoris 
Sandro Betocchi, Federico Piscione, Pasquale Perrone-Filardi, 
Leonardo Pace, Maurizio Cappelli-Bigazzi, Bruno Alfano, 
Andrea Ciarmiello, Marco Salvatore, Mario Condorelli, and 
Massimo Chiariello 












We studied 12 patients with coronary artery disease (CAD), undergoing 
right- and left-sided cardiac catheterization as well as simultaneous radio- 
nuclide angiography, before and during intravenous administration of = 
verapamil. The heart rate was kept constant by atrial pacing in both 
studies. Left ventricular (LV) pressure-volume relations were obtained. 
Verapamil decreased LV systolic pressure and the end-systolic pressure / 
volume ratio and increased LV end-diastolic and pulmonary capillary 
pressures as well as cardiac index. The time constant of isovolumic relaxa- 
tion shortened and peak filling rate increased. Late diastolic filling was not- 
affected by verapamil. Thus, intravenous verapamil administration in — 
patients with CAD led to an improvement in both LV isovolumic relaxa- 
tion and early filling, through its direct action on myocardium and 
changes in the loading conditions. 
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Analysis of Programmed Stimulation Methods in the 
Evaluation of Ventricular Arrhythmias in Patients 20 Years 
Old and Younger 

Michael J. Silka, Jack Kron, Joel E. Cutler, and John H. McAnulty 


This study evaluates the responses to programmed ventricular stimulation 
in young patients undergoing electrophysiologic testing. A defined, step- 
~ wise protocol was applied in 55 consecutive patients, both with and with- => 
out clinical ventricular arrhythmias. Of 17 patients with documented 
sustained VT, 12 (71%) had induction of the arrhythmia. The sensitivity 
of programmed ventricular stimulation was significantly enhanced by the 
use of 3 and 4 extrastimuli (p = 0.02). Ventricular fibrillation was induced 
in 5 patients, each as a response to extrastimuli coupling intervals <190 o 
~ ms. Nonsustained polymorphic ventricular tachycardia wasalsofrequent- 











Continued on page A30 






TISSUE 


Briet Summary 
Consult full prescribing information before using. 
<: INDICATIONS AND USAGE: ACTIVASE® is indicated for use in the management of acute myocardial 
arction (AMI) in adults for the lysis of thrombi obstructing coronary arteries, the reduction of infarct 
ize, the improvement of ventricular function following AMI, the reduction of the incidence of conges- 
l failure and the reduction of mortality associated with AMI. Treatment should be initiated as 
$00n as possible after the onset of AMI symptoms. 
* is also indicated in the management of acute massive pulmonary embolism (PE) in 
for the lysis of acute pulmonary emboli, defined.as obstruction of blood flow to a lobe or 
tiple segments of the lungs, and for the lysis of pulmonary emboli accompanied by unstable 
hemodynamics, i:e. failure to maintain blood pressure without supportive measures. The diagnosis 
luld be confirmed by objective means, suchas pulmonary angiography or noninvasive procedures such 


jung scanning. 
CONTRAINICATIONS- Because thrombolytic therapy increases the risk of bleeding, ACTIVASE® 
is contraindicated inthe following jons: < Active internal bleeding - History of cerebrovas- 
cul * Recent {within two months) intracranial or intraspinal surgery or trauma (see 
WAnniNGS) intracranial neoplasm, arteriovenous malformation, or aneurysm + Known bleeding 
i uncontrolled hypertension. 
NINGS: Biseding The most common complication encountered during ACTIVASE® therapy is 
ing. The type of bleeding associated with thrombolytic therapy can be divided into two broad 
orias: + Internal bleeding involving the gastrointestinal or genitourinary tract, or retroperitoneal or 
ites » Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.9., 
ous cutdown, arterial puncture, recent surgical intervention). 
itant use of heparin anticoagulation may contribute to bleeding. Some hemorrhagic episodes 
C sone or more days after the effects of ACTIVASE® had dissipated, but while heparin therapy 
was continuing. 

As fibrin is lysed during ACTIVASE® therapy, bleeding from recent puncture sites may occur, 
Therefore, thrambolytic therapy requires careful attention to all potential bleeding sites (including sites 
of catheter insertion, arterial and venous puncture, cutdown.and needle puncture). 

intramuscular injections and nonessential handling of the patient should be avoided during treatment 
‘with ACTIVASE® Venipunctures should be performed carefully and only as required, 

‘Should an arterial puncture be necessary during:an infusion of ACTIVASE® it is preferable to use an 

f extremity vessel accessible to. manual compression. Pressure should be applied for at least 30 
nutes, a pressure dressing applied and the puncture site checked frequently for evidence of bleeding. 
honid serious bleeding at controllable by local pressure) occur, the infusion of ACTIVASE® and 
‘any concomitant heparin should be terminated immediately. y 
ich patient being considered for therapy with ACTIVASE® should be carefully evaluated and antici- 
‘benefits weighed against potential risks associated with therapy. 
following conditions, the risks of ACTIVASE® therapy may be increased and should be weighed 
ainst the anticipated benefits: + Recent (within 10 days) major surgery, ¢.g., coronary artery bypass 
att, obstetrical delivery. organ biopsy, previous puncture of noncompressible vessels « Cerebrovas- 
cular disease « Recent (within 10 days) gastrointestinal or genitourinary bleeding » Recent (within 10 
daya) tauma e tension: systolic BP=180 mm Hg and/or diastolic BP=110 mm Hg + High 
likelihood: of teft heart thrombus, e.g., mitral stenosis with atrial fibrillation + Acute pericarditis « 
bacute bacterial endocarditis « Hemostatic detects including those secondary to severe hepatic or 
renal disease + Slgnticant liver dysfunction > Pregnancy » Diabetic hemorrhagie retinopathy, or other 
emorrhagic ophthalmic conditions -+ Septic thrombophlebitis or occluded AV cannula at seriously 
infected site + Advanced age, i.e., over 75 years old» Patients currently receiving oral anticoagulants + 
“Any other condition in which bleeding constitutes a significant hazard or would be particularly 
* difficult to manage because of its location. 
` Arrhythmias Coronary thrombolysis may result in arrhythmias associated with reperfusion. These 
arrhythmias are not different from those often seen inthe ordinary course of AMI and may be managed 
with standard antiarrhythmic measures. itis recommended that antiarrhythmic therapy for bradycardia 
‘and/or ventricular irritability be available when infusions of ACTIVASE® are administered. 
Pulmonary mbolism it should be recognized that the treatment of pulmonary embolism with 
ACTIVASE® Alteplase, has not been shown to constitute adequate clinical treatment of underlying 
Weep vein thrombosis: Furthermore, the possible risk of reembolization due to the lysis of underlying 
pp venous thrombi should be considered. 
PRECAUTIONS: General Standard management of myocardial infarction or pulmonary embolism 
Should. be: implemented. concomitantly with ACTIVASE® treatment. Noncompressible arterial punc- 
ture must be avoided. Arterial and venous punctures should be minimized. In the event of serious 
= bleeding, -ACTIVASE® and heparin should be. discontinued immediately. Heparin effects can be 
~ reversed by protamine. 
: Readministration There is no experience with readministration of ACTIVASE® If anaphylactoid reaction 
‘occurs, infusion should be discontinued immediately and appropriate therapy initiated. 
1 Although sustained antibody formation in patients receiving one dose of ACTIVASE® has not been 
documented, readministration should be undertaker: with caution. 
‘Laboratory Tests During ACTIVASE® therapy, results of coagulation tests and/or measures of fibrino- 
fytic-activity may be unreliable unless specific precautions are taken to prevent in vitro artifacts. 
ICTIVASE® is an enzyme that when present in blood in pharmacologic concentrations remains active 
under in vitro conditions. This can lead to degradation of fibrinogen in blood samples removed for 
analysis: Collection of blood samples in the presence of aprotinin (150-200 units/mL) can:to some 
extent mitigate this phenomenon. 
© Drug Interactions The interaction of ACTIVASE® with other cardioactive drugs has not been studied, In 
» addition to bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function 

(such as acetylsalicylic acid, dipyridamole) may increase the risk of bleeding if administered prior to, 

. during or after ACTIVASE® therapy. 
“Use of Anticoagulants Heparin has been administered concomitantly with and following infusions of 
ACTIVASE* to reduce the risk of rethrombosis. Because either heparin or ACTIVASE® alone may cause 
2 bleeding raat careful monitoring for bleeding is advised, especially at arterial puncture sites. 
-- Pregnancy (Category C) Animal reproduction studies have not been conducted with ACTIVASE® it is 
-also not known whether ACTIVASE® can cause fetal harm when administered to a pregnant woman 
Or Can. affect reproduction capacity. ACTIVASE® should be given to a pregnant woman only if 


early needed. 

~ Pediatrie Use Safety and effectiveness ot ACTIVASE® in children has not been established. 
mi genesis, Mutagenesis, impairment ol Fertility Long-term studies in animals have not been 
_ pertormed to evaluate the carcinogenic potential or the effect on fertility. Short-term studies, which 

ted tumorigenicity of ACTIVASE® and effect on tumor metastases in rodents; were negative. 

Ao. determine: mutagenicity (Ames test) and chromosomal aberration assays: in human 
were negative at ail concentrations tested. Cytotoxicity, as: reflected by a decrease 
evidenced only: after prolonged exposure and only at the highest concentra- 


= ig excreted in human milk Because many. 
sed when ACTIVASE® is-administered to a 


ADVE! 
: Weddi 


oo sites of venous cutdown, arterial punctur 


“460 Poi 


n. The type of bleeding associated wi 
Categories: + internal bleeding involving the gastro 
intracranial sites + Superficial or-surtace Bleeding, obser 
recen 
The following incidence of significant internal bleeding 
reported in studies in over 800 patients treated at all do: 


Total Dose = 100.mg 


gastrointestinal 
genitourinary 
ecchymosis 
retroperitoneal 
epistaxis 
gingival 


Theincidence of intracranial bleeding in patients treated with ACTIVASE® Alteplase, recombinant, 


Number of 
3272 
4779 
237 


DOSE tients 


100 mg 
150 mg 
144 mg/kg 


These data indicate that a dose of 150 mg of ACTIVASE® should not be-used 
associated with an increase in intracranial bleeding. 

Recent data indicate that the incidence of stroke in 6 randomized double-blind 
trials} is not significantly different in the ACTIVASE® treated patients compared to | 
placebo (37/3161, 1.2% versus. 27/3092, 0.9%, respectively) {p = 0.26). a 

Should serious bleeding in a critical location (intracranial, gastrointestinal, retroperitone 
dial) occur, ACTIVASE® therapy should be discontinued immediately, along with any conc! 
therapy with heparin. SAGE 

Fibrin, which is part of the hemostatic: plug formed at needle puncture sites, will be lyse 
ACTIVASE® therapy. Therefore, ACTIVASE® therapy requires careful attention to potential bleedi 
Allergic Reactions No. serious or life-threatening allergic reactions have been reported. Oth 
hypersensitivity reactions such as urticaria have been observed occasionaliy: =n: 

t Adverse Reactions Other adverse’ reactions have been reported, principally: na 

vomiting, hypotension, and fever, These reactions are frequent sequelae of MI and may oi 
attributable to ACTIVASE® therapy. i 


DOSAGE AND ADMINISTRATION: ACTIVASE® is for intravenous administration only, 
DIAL INFARCTION: Administer ACTIVASE® as soon as possible after the onset of syr 

The recommended dose is 100 mg administered as 60 mg (34.8 million 1U) in the first hour (0 
6 to 10 mg is administered as.a bolus over the first 1-2 minutes), 20 mg (11.6 million 1U) over the 
hour, and 20 mg (11.6 million IU} over the third hour. For smaller patients (lass than 65 kg), 
1.25 mg/kg administered -over 3 hours, as described above, may be used.# 

Although the use of anticoagulants and-antiplatelet drugs during and ‘following adminis! 
ACTIVASE® has not been shown to be of unequivocal benefit, heparin has been administered 
tantly for 24 hours or longer in more than 90% of patients. Aspirin and/or dipyridamole 
either during and/or following heparin treatment. ; 
PULMONARY EMBOLISM: The recommended dose is 100 mg administered by 
over two hours. Heparin therapy should be instituted or reinstituted near the 
following the ACTIVASE® infusion’ when the partial thromboplastin time or throm 
twice normal or fess. l ane 

A DOSE OF 150 MG OF ACTIVASE® SHOULD NOT BE USED BECAUSE IT HAS BEEN 
WITH AN INCREASE IN INTRACRANIAL BLEEDING. oe 
Reconstitution and Dilution 00 NOT USE IF VACUUM IS NOT PRESENT. : 

ACTIVASE® should be reconstituted by aseptically aang the appropriate volume of the accor 
ing Sterile Water for injection, USP to the vial. It is important that ACTIVASE® be reconst y 
Sterite Water for Injection, USP without preservatives. Do not use Bacteriostatic Water tor Inje 
USP The reconstituted preparation results in a colorless to pale yellow transparent solu 
ae MASES 10 mg/ml. at approximately pH 73. The osmolality of this solution is approxim: 

15 mOsm/kg. as 

Because ACTIVASE® contains no antibacteria! preservatives, it should be reconstituted irni 
before use. The solution may be used for intravenous administration within 8 hours following 
tution when stored between 2-30°C. Before further dilution or administration, the product shot 
visually inspected for particulate matter and discoloration prior to administration whenever solution 
container permit. eee rea 

ACTIVASE® may be administered as reconstituted at 1.0 mg/mL. As an alternative, the 
tuted solution may be diluted further immediately before administration in an.equal volume 
Sodium, Chioride Injection, USP or 5% Dextrose injection, USP to yield a concentrati 
mg/ml. Either polyviny! chioride bags or.glass bottles are acceptable. ACTIVASE” is stable 
8 hours in these solutions at room temperature. Exposure to light-has no effect on the s 
these solutions. Excessive agitation during: dilution should be avoided: mixing should. 
plished with gentle swirling and/or slow inversion. Do not use other infusion. solutions, 

Water for Injection, USP or preservative-containing solutions for further dilution: 

No other medication should be added to infusion solutions containing ACTIVASE® Any unu 
infusion solution should be discarded. > : 

HOW SUPPLIED: ACTIVASE® is supplied as a sterile, lyophilized powder in 20:mg and 50 n 
ria vacuum, gach packaged with diluent for reconstitution. haat i 

je Store lyophilized ACTIVASE® at controlled room temperature not to-excèed { 
under refrigeration (2-8°C/36-46°F). Protect the lyophilized material during extended storage from 
excessive exposure to light. are 

Do not use beyond the expiration date stamped on the vial. ee 
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a uence a and e were reduced, “whereas circulating yn 
_ phocyte 6-adrenergic receptor numbers were unchanged, Thus, metopro- 
lol therapy was associated with an improvement in both rest and exercise _ 
ventricular performance and improved maximal aerobic capacity. These 
improvements were associated with a decrease in resting sympathetic ae 
nervous system activity. a 








VALVULAR HEART DISEASE 
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Digital Acoustical Analysis of Normal and Bimodal Björk- 
“Shiley 60° Convexo-Concave Heart Valves i 
_ Gerald A. Kien, Bradley Jeffries, Hart V. Katz, Bruce A. Herman, 

‘Ronald F. Carey, Daniel J. Chwirut, and Harry F. Bushar 





Fracture of the outlet strut of the Bjérk-Shiley 60° convexo-concave _ 
(BS60CC) valve has been attributed to a bimodal closing pattern in 
certain valves in which the closing disk rotates about the inlet strut, 
causing upward displacement of the outlet strut and its eventual fracture. — 
This article reports the in vivo studies of the normal BS60CC valve andthe 
in vitro studies of the normal and bimodal BS60CC valves using a digital 
acoustical signal processing technique in which the individual collisions 
(the impact history) of the occluder disk with the valve body are revealed. ~ 
In vitro analysis of the closing acoustical signals of normal BS60CC valves 
showed impact history cluster width means not significantly different than 
those observed in clinically normal patients with BS60CC valves(p>0.1). | 
The bimodal valves showed values significantly greater than those ob- ooo: 
served in the normal in vitro valve group and in the normal patient 
population (p <0.0001). 
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855 
“Cardioprotection’” —— Not All Calcium Antagonists Are 
Created Equal 
Franz H. Messerli 








BRIEF REPORTS 


857 
Percutaneous Transluminal Coronary Angioplasty in 
Octogenarians with Unstable Coronary Syndromes 
“< Carlos Rizo-Patron, Nidal Hamad, Richard Paulus, Jorge Garcia, and 
Earl Beard 
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plantable devices are playing an increasingly 
rtant role in the management of patients with 
diac tachyarrhythmias. Technological advances 
the last ten years have yielded systems that can 
matically recognize and terminate a broad 
ectrum of tachyarrhythmias, from supraventricular 
_ tachycardia to ventricular fibrillation, while also 
| providing the diagnostic functions required for pre- 
|, implant testing and long-term follow-up. The recent 
Sand relatively sudden emergence of these capabilities 
poses a challenge to the practicing clinician: to be 
- aware of the capabilities, to critically evaluate their 
| strengths and limitations, and to select among 
- available therapies based on a rather extensive under- 
o Tanding of all therapeutic options. 
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The clinical, angiographic and demographic charac- 
-teristics of 42 patients with low-grade (<50%) re- 
_ sidual stenosis at the infarct lesion after thromboly- 
_ sis for acute myocardial infarction (MI) were as- 

_ sessed. The study group (group I) represented 21% 
_ of 198 consecutive patients receiving thrombolytic 
therapy over a 59-month period. Data on the 156 

remaining patients were pooled for comparison 
(group Il). Group | patients were predominantly 
: men (86%) who were cigarette smokers (81%). 
Group Il patients were predominantly men (75%, p 
(0) but were significantly older (52 + 12 vs 56 
years, p = 0.02). Prior acute MI or angina 
unusual in group I. Sixty percent had no signif- 
0%) residual coronary artery disease 
had residual single artery disease. Av- 
‘age significant (>50% diameter stenosis) residu 
_ al vessel disease was 0.6 + 1.0 for group | and 1.9 
+ 0.9 for group Il (p <0.001). In group I, average 
_ residual infarct lesion diameter stenosis was 36 + 
7% in the right anterior oblique and 34 + 8% in 
the left anterior oblique views. Thirty-nine group | 
patients were discharged with medical therapy and 
- 100% follow-up was obtained over a mean interval 
_of 18 + 17 months. Fifteen patients experienced 
“chest pain after acute MI accounting for 17 dis- 
‘crete events. Fifty-nine percent of group had a be- 
nign course on follow-up. Eight events were classi- 
fied as unstable angina, 4 as acute MI and 5 as 
-atypical angina. Documented coronary vasospasm 
_ occurred in 3. The infarct narrowing accounted for 
58% of documented ischemia and 41% of symp- 
tomatic events. Antiplatelet agents, warfarin and 
- residual lesion morphology did not clearly influence 
frequency of events, whereas data regarding ciga- 
rette smoking were suggestive (p = 0.06). Events 
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clearly associated with the infarct narrowing oc- : 
curred earlier (4 + 4 months) than events not relat- 
ed to (23 + 15 months, p <0.01). Ischemic events __ 
unrelated to the infarct lesion were often related to. 
progressive stenosis or occlusion at the site of pre- 
viously nonsignificant disease. : 
(Am J Cardiol 1990;66:773-778) : 


tients with infarct lesion residual diameter steno- 

sis <50% after thrombolytic therapy for acute 
myocardial infarction (MI) are unknown. Most acute 
MIs are related to thrombotic occlusion at the site’o 
an atherosclerotic plaque.' Recent published reports 
on thrombolysis have suggested that while a critical 
(270%) diameter stenosis is usually present before oc- 
clusion, the incidence of noncritical stenosis is not 
uncommon and approximates 10 to 20% of all patients 
undergoing thrombolysis. Information concern- 
ing nonsignificant (<50%) “low grade” stenoses after — 
thrombolysis including follow-up and response to treat- 
ment is unavailable. This study provides demographic _ 
and clinical data on a population of acute MI patients _ 
who received thrombolytic therapy and underwent early 
arteriography, and were found to have low-grade aaret 2 
lesion residual diameter stenosis. oo 


T: he natural history and response to treatment of pa- 


METHODS 
Patients: One hundred ninety-eight consecutive pa- | 
tients admitted with a diagnosis of acute MI and receiv- 
ing conventional doses of thrombolytic therapy over a 
59-month period (February 1984 to January 1989) .. 
were identified. All patients had routine therapy (hepa- 
rin) after acute MI and had coronary arteriography... 
Cineangiographic films were reviewed and all lesions as- 
sessed by digital caliper measurement when the infarct- 
related artery had greatest residual diameter. stenosis of 
<70% by visual estimate. Acute MI was diagnosed by 
conventional criteria including prolonged chest pain and — 
ST elevation 20.1 mV in 2 contiguous leads, or Q-wave | 
evolution, or both. Diagnostic creatinine kinase-MB 
enzyme pattern was present in all patients. Demogra - 
nd : igiogronhic information was obtained for ll 




















$2412 56410 0.02 
86 75 NS 
; coronary streptokinase (%) 9(21) 43 (28) NS 
Intravenous streptokinase (%) 5(12) 8(5) NS 
Intravenous tissue plasminogen 28(67) 105(67) NS 
“activator (%) 
farct artery (%) 
Right 19 (45) 65 (42) NS 
“Leftanterior descending 16-(38) 64(41) NS 
o’Circumftlex 7 (17) 23(15) NS 
Saphenous vein graft 0(0) 4(2) NS 
lumber of vessels narrowed >50% 0641.0 19409 0.001 
jection fraction (%) 56414 52412 
NS = not significant. 


wing <50% (group I), clinical data were obtained 
t iart review and by patient interview. Those with 
significant infarct narrowing (>50%) were designated 
group T. 
-| Identification of the infarct-related lesion: Coronary 
arteriography was performed using the standard Jud- 
ins technique and catheters in all cases. Ventriculog- 
aphy was performed using standard technique in right 
nd/or left oblique views. The infarct narrowing was 
ified anatomically in patients undergoing acute ar- 
eriography by the presence of 100% thrombotic occlu- 
sion that later reperfused, the most critical residual ste- 
nosis in the infarct-related artery after thrombolysis, or 
ntraluminal thrombus in the region of the most severe 
atherosclerotic narrowing in a known infarct artery. 
The anatomic location of the infarct lesion was consis- 
tent with infarct location as determined by electrocardi- 
graphy as well as by wall motion abnormalities on 
entriculography. In patients having nonacute arteri- 
graphy before discharge, the infarct lesion was then 
entified as that having the greatest diameter stenosis 
an the infarct artery. Stenosis of >50% by visual esti- 
‘mate. was considered significant in noninfarct arteries. 
_ Measurements of infarct narrowing were obtained 
ng a digital caliper as previously described and vali- 
lated.’-? Measurements were obtained in 2 orthogonal 
ews by 2 independent observers using a standard cine- 
giographic projector (Vanguard Inc.). A cine frame 
astole was selected from each view to allow the 
learest delineation of the lesion edges and most severe 
er stenosis for caliper measurement (Mitumoyo, 
Inc.) Lesion morphology was defined according 
o the criteria of Ambrose et al'° and coronary flow was 
ess | using the Thrombolysis in Myocardial Infarc- 
-classification.!! 
Th ormal vessel Gameter was defined in an angio- 








ing the difference of the normal di 


ual lumen diameter divided by the normal 
the quotient multiplied by 100, A value <50% 
quired in 2 orthogonal views for group I inclusion. _ 

To measure intraobserver and interobserver variabil- 
ity, a series of 3 caliper measurements were performed: 
on the infarct lesion by 2 independent observers where 
the lesion location was mutually agreed on (40 of 42 
patients). For interobserver variability, linear regression 
demonstrated an r value of 0.9. For intraobserver vari- 
ability, the standard deviations (in percent diameter ste- 
nosis) from each series of 3 measurements. were aver- 
aged and this value was 2.4 (range 0.5 to 5.7), providing 
an acceptable level of variability.’? 

Data collection: Group I clinical data were subject to 
the following definitions: Family history was defined as. 
acute MI at age <55 years in a first-degree relative. 
Tobacco use required smoking >10. cigarettes per day. 
Cocaine use implied utilization within 24 hours of acute. 
MI. Hypercholesterolemia was defined as acute MI ad- 
mission serum total cholesterol 2250 mg/dl. The medi: 
cation usage must have been present within 1. month of = — 
acute MI. Data concerning patient age, gender, infarct- 
related artery, extent of coronary artery disease, type 
and route of thrombolytic therapy and ejection fraction 
were obtained from the angiography registry for both 
group I and II patients. 

Follow-up: Follow-up concerned only group I pa- 
tients and was obtained by office visit or direct tele- 
phone interview as well as referring physician contact 
for 100% of study patients. Clinical end points terminat- 
ing further follow-up included aortocoronary bypass, — 
percutaneous transluminal coronary angioplasty of the 
infarct narrowing, demonstration of total occlusion. of. o 
the infarct narrowing and death. Information obtained 
in the follow-up period included: mortality, cardiac 
symptoms including typical or atypical angina and dys- 
pnea, activity level, current medical regimen, reassess- 
ment of risk factors for coronary artery disease, subse-. 
quent hospitalizations and repeat coronary arteri- 
ography or exercise testing. Repeat angiography was -re- 
viewed in all cases and caliper measurements per- 
formed. Hospitalization data were reviewed when re- 
peat angiography or a question of recurrent ischemia 
existed. A repeat event was defined as chest pain re- 
quiring. readmission, sudden death or congestive heart 
failure. 

Statistics: The chi-square, Student’s £, Fisher’s exact 
and log-rank tests were used. Data are expressed as. 
mean + standard deviation. A p value <0.05 was cone 
sidered statistically significant. 



























































RESULTS 
Demography: Forty-two of 198 (21%) patients 
identified as ane an t infarot ‘narrow 





) nd cocaine u usein 1 OA). Comparative data ee 


s | and II are listed in Table I. 
Clinical characteristics: Prior to acute MI, anteced- 
_ ent angina occurred in 19 (45%) group I patients. The 
use of antiplatelet (4 patients, 10%): or antianginal (1 
- patient, 2%) agents was infrequent. 

ee "Thrombolysis and postmyocardial infarction angi- 
< ography: All group I patients had a clinical and angio- 
i graphic response to thrombolysis as defined by diminu- 
© tion in chest pain, improvement in electrocardiographic 
_ injury current and a patent infarct artery. The average 
time to thrombolysis was 2.1 + 1.1 hours and angiogra- 
_ phy 5.4 + 7.3 days. Infarct narrowing residual diameter 
- stenosis (average of 3 measurements from 2 observers) 
us 36 + 7 and 34 + 8% in the right and left oblique 
ys, respectively. No other significant coronary artery 
_ disease was found in 25 (60%). Residual single artery 
‘disease (>50% stenosis) was found in 11 (25%), double 
artery disease in 2 (5%) and 3-artery or left main dis- 
ease, or both, in 4 (10%). Comparative data are listed in 
Table I. For group II, residual single artery disease was 
: present in 63 (40%), double artery in 42:(27%) and 3- 

--artery or left main disease in 51 (33%). 
Twenty-two group I patients underwent acute angi- 
phy and all had definite identification of the infarct 
wing based on the aforementioned criteria, Eigh- 
group I patients with only nonacute coronary arte- 
phy had a high ee of infarct narrowing 


“grams were used to determin infarct les 


stenosis. Gross lesion morphology was eval ated 
group I and consisted. of type. I narrowing (smooth 
centric) in 12 patients (29%), type II (irregular ecce 
tric) in 17 (41%), concentric irregular. narrowing i 
(19%), concentric.smooth narrowing in 1 (2%), minima 
irregularities or normal ‘coronary arteries in 2 (5 
minimal irregularity with thrombus in 1 (2%) an 
thrombus. only in 1 (2%). Three. patients. (7%) had 
laterals to the infarct artery during acute arteriograp 
with resolution on later arteriography (when infa 
narrowing was. $50%) in all but 1 who had distal embo- _ 
lization. Flow grade from the Thrombolysis i in Myocar- 
dial Infarction study was normalized (IIT) in all patients _ 
as seen on the cineangiogram from which caliper m 
surements were derived. Mean time to angiography dif- 
fered for those with complex (types I and: II) versus 
those without (7 + 8 vs 4 £+ 6 days) complex lesions 
but not significantly (p >0.10). 

In testing for significant differences in the freque: icy 
of low-grade residual stenosis: fof anatomic site, typ 
and route of thrombolysis, no statistically significa 
sult was evident. 

Noninvasive data: Admission and discharge elect 
cardiograms were reviewed for all group I patie 
Thirty-four patients had Q-wave acute MI (81%). 
had non-Q-wave acute MI (19%). Fifteen patients 
anterior (36%), 23 had inferior or inferoposterior (55 
and 4 had lateral or posterolateral acute MI (9%: 
electrocardiogram. 

Twenty-eight of 33 patients (85%) had no re 
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aS Postinfarction clinical events: i Dara acute ML 5 
2 group I patients (12%) had primary ventricular fibrilla- 
` tion before the administration of thrombolytic therapy 
and were successfully resuscitated. Three patients un- 
_ derwent early bypass surgery and were excluded from 
follow-up. 
‘One patient had in-hospital angina after acute MI. 
There were no in-hospital deaths or episodes of conges- 
tive heart failure. Thirty-nine patients were discharged 
from the hospital on medical therapy. The mean follow- 
up period was 18 + 17 months. No patient had follow- 
up of <6 months. 
Medical therapy included antiplatelet or anticoagu- 
lant therapy in 38 of 39 (95%), nitrates in 28 of 40 
(70%), calcium channel blocking therapy in 31 of 40 
(78%) and 8 blockers in 13 of 40 (33%) patients. 
_ Twelve patients were discharged on warfarin with 4 tak- 
; ing dipyridamole or aspirin concomitantly. 
Mortality over the follow-up period was low, with 1 
7 of 39 patients (3%) dying from apparent cardiovascular 
-cause (sudden death). Over the course of follow-up, 16 
of 39 patients (41%) had events, with 15 experiencing 
chest pain (Figure 1). Among the 15 patients with chest 
pain, 16 discrete events necessitated readmission and 
coronary angiography, whereas 1 patient had angina af- 
ter catheterization. The 17 events were classified clini- 
cally as unstable angina in 8, atypical angina in 5 and 
cute MI in 4. Twenty-three patients (59%) had a be- 
ign course over the follow-up period as defined by the 
ence of reported symptoms. 
Repeat coronary angiography: All 14 patients read- 
mitted for chest pain underwent coronary angiography. 
With use of the information obtained from angiography 
- jn addition to clinical and electrocardiographic data, an 
< assessment was made regarding the involvement of the 
Prior infarct narrowing in the new clinical syndrome. 
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$ tients with events, 9 (56%) had continued 






die t to the oneal infarct narrowing and t 
of a clinical syndrome compatible with angina pec ris 
or acute MI. 
Four of 8 patients with unstable angina were found. 
to have progression of their prior nonsignificant infarct 
narrowing to the critical range, and that combined wit 
electrocardiographic and clinical data suggested a rela- 
tion to the new clinical syndrome in 3 of the 4 patients. __ 
These 3 patients had subsequent percutaneous translu- 
minal coronary angioplasty (see Figure 1) and clinical 
improvement. The fourth patient with unstable angina 
and infarct-narrowing progression had new critical ste- 
nosis in a region remote from the infarct artery as 
suggested by new electrocardiographic changes. Three 
patients had no progression and were given medical _ 
therapy. Three patients with unstable angina (1 with > 
progression, 2 without) had a syndrome consistent with — 
active coronary vasospasm at or near the previous in- 
farct narrowing as documented by angina with ST ele- 
vation, response to nitroglycerin or nifedipine, and ab- 
sence of thrombosis or occlusion on the coronary arte- mo 
riogram. Se 
Five patients with atypical chest pain underwent re 
peat coronary angiography. All received medical thera- 
py after no progression was found. The subsequent fol- 
low-up course remained benign for 4 of the 5 patients 
over a mean interval of 18 + 17 months, although | 
patient had acute MI secondary to infarct narrowing - 
occlusion 8 months after the index acute MI. 
Four patients had acute MI and the data permitted 
clear identification of a former nonsignificant infarct 
narrowing as the culprit lesion in the new acute MI in 2: 
The other 2 events were related to previously documente: 
ed noncritical stenoses in arteries differing from the, | 
original infarct vessel. 
Therefore, 6 of 15 patients (40%) with: cardiac 
events had progression of their prior nonsignificant i in- | 
farct lesion. Vasospasm and progression at the infarct 
narrowing accounted for 7 of 17 total events (41%) and 
7 of 12 documented ischemic events (58%). One patient 
who died suddenly did not have postmortem examina- __ 
tion. Regarding the time course of events, the mean 
time to event in the 16 patients was 9 + 11 months. 
Mean time to the repeat cardiac event was 4 + 4 
months in 7 patients with symptomatic progression or 
active spasm at the infarct narrowing. Mean time to 
event was 23 + 15 months (p <0.01) in patients with 
ischemic events distant from the infarct narrowing. The ~ 
probability of remaining free from any event (including _ 
atypical angina) is plotted with the probability of re 
maining free from infarct lesion ischemia in Figure 2. __ 
Risk factors for subsequent events: To determine 
variables having prognostic value regarding recurrent 
clinical events, information concerning risk factor man 
agement, therapy. and compliance was obtained fror 
medical records and patient interview. Of the 16 | 
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channel or 6 blockers in patients with and with- 
out repeat events. Non-Q-wave acute MI or reversible 
_ thallium defect, the latter finding not unexpected," did 
not correlate with events after acute MI. Lesion mor- 
phology was not useful in predicting future ischemic 
events, most likely because of the high prevalence of 
types I and II eccentric lesions in this relatively small 
group. This lack of predictive power, however, has re- 
“cently been described in a larger group with more severe 
_ residual diameter stenosis after thrombolysis.'¢ 


-DISCUSSION 
= Recent reports have suggested that the lesion re- 
sponsible for acute MI has <50% diameter stenosis in 
10 to 20% of patients.” 5 This is consistent with the data 
regarding the limitations of coronary angiography in 
correlating lesion severity with potential to produce 
< acute MI." This study expands on these observations 
“by providing baseline and follow-up data on a group of 
patients with low-grade stenoses demonstrating a ten- 
dency to thrombose. This subgroup of patients with 
“acute MI appears to have a high prevalence of young 
‘men. Recent studies have characterized such a popula- 
-tion in a nonthrombolytic setting.'®!7 Group I is demo- 
_ graphically similar to those referenced groups with re- 
spect to age, gender and prevalence of tobacco use, and 
iffered significantly in age from the remainder (group 
) of this thrombolytic population. The lack of anteced- 
nt: angina and prior acute MI may also be unique. 
- Although postdischarge mortality appears low (3%), 
_ the follow-up data presented suggest a significant poten- 
-tial for subsequent cardiac events. The role of the origi- 
‘nal infarct lesion in these clinical events cannot be 
_ known with certainty, because ischemia was not docu- 
¿mented in all patients with chest pain after acute MI, 
and silent ischemia was not assessed. The infarct lesion, 
-either by progression to critical stenosis or coronary va- 
‘sospasm, accounted for 41% of events after acute MI 
and 58% of documented ischemic episodes. When these 
“lesions are responsible for significant angina or acute 
‘MI, they appear to manifest clinically within the first 6 
months after acute MI. Reversible coronary vasospasm 
with ST elevation, as documented in 3 patients during 
early follow-up, has been reported in the early follow-up 
of patients who underwent percutaneous transluminal 
coronary angioplasty, a group that may have a similar 
pathophysiologic substrate.'® Recurrent thrombosis at 
-the infarct narrowing is suggested by recurrent total oc- 
clusion or relatively rapid “progression” of stenosis over 
a time course that would be consistent with thrombus 
. formation and inconsistent with atherosclerotic progres- 
“sion: A recent report has suggested a role for thrombus 
_ layering at the site of the underlying complex, clinically 
_ active lesions,'? and such a process could have account- 
ed or rapid progression in this group as well as in oth- 
ers noted in published reports.'4!° In contrast, those 


















= 3.64, p = 0,06). There r 
was no statistically significant difference in the frequen- 1 
f use of antiplatelet agents, warfarin, nitrates, and acute MI and accounted for 259 of documented clini 


“ischemia. in this-group. 


events that were probably related to atheroscle- BEST. 


































gr 318 
nificant disease occurred ove! 


A slight degree of underestimation of diameter s 
nosis can occur for stenoses in this range. 20 Howeve 
the lesser likelihood of diffuse disease in patients wi 
no residual or single artery coronary disease should have 
minimized this. The retrospective design of this study i 
also a limitation, because type, dosage and route of 
thrombolysis, duration and intensity of heparinization, 
and time to angiography may influence the angiograph 
ic frequency of these lesions.24!2.17 

Although the data presented here are relatively. 
small and therefore susceptible to statistical error, there. 
was no clear advantage afforded by any particular com-. 
bination of medical therapies. Smoking may be related © 
to recurrent events, but the data are inconclusive. The 
relative efficacy of antiplatelet versus anticoagulant 
therapy versus a combination of therapies (including 
coronary vasodilators) warrants more detailed investiga- : 
tion. 
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-` The effect of verapamil on death and major events 


(fe. death or reinfarction) after an acute myocardi- 
al infarction was studied in a double-blind, random- 
_ ized, placebo-controlled multicenter trial. Eight 
hundred seventy-eight patients started treatment 
with verapamil, 360 mg/day, and 897 patients 
_ with placebo. Treatment started in the second week 
er admission and continued for up to 18 months 
mean 16 months). Ninety-five deaths and 146 ma- 
_ Jor events occurred in the verapamil group and 119 
deaths and 180 major events in the placebo group. 
The 18-month mortality rates were 11.1 and 
13.8% (p = 0.11, hazard ratio, 0.80; 95% confi- 
dence limits, 0.61 to 1.05), and major event rates 
18.0 and 21.6% (p = 0,03, hazard ratio, 0.80; 
-< 95% confidence limits, 0.64 to 0.99) in the verapa- 
mil and placebo groups, respectively. In patients 
without heart failure in the coronary care unit the 
mortality rates were 7.7% in the verapamil group 
and 11.8% in the placebo group (p = 0.02, hazard 
-< ratio, 0.64; 95% confidence limits, 0.44 to 0.94), 
and major event rates 14.6 and 19.7% (p = 0.01, 
-< hazard ratio 0.70; 95% confidence limits (0.52 to 
_ 0.93). In patients with heart failure the mortality 
. rates were 17.9 and 17.5% (p = 0.79, hazard ra- 
tio, 1.05; 95% confidence limits, 0.72 to 1.54), 
-and major event rates 24.9. and 24.9% (p = 1.0, 
hazard ratio 0.98; 95% confidence limits 0.72 to 
1,39). 
Long-term treatment with verapamil after an 
acute myocardial infarction caused a significant re- 
duction in major events, and the positive effect was 
found in patients without heart failure. 
(Am J Cardiol 1990;66:779-785) 
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(Th 


vivo studies to reduce ischemic injury and infar 

size.'-? Based on this evidence and a pilot study,* 
the Danish study group on verapamil in myocardial in 
farction conducted an early intervention, randomized, 
double-blind, placebo-controlled trial, The Danish Vera- 
pamil Infarction. Trial (DAVIT I) with the purpose of 
examining whether administration of verapamil 120 mg 
3 times daily preceded by an intravenous bolus of 0.1. 
mg/kg body weight from the time of admission and th 
following 6 months might decrease total death and re- 
infarction rates.” DAVIT I included 717 patients in 
the verapamil group and 719 patients in the placebo. 
group. After 6 months’ follow-up, nonsignificant differ- 
ences in mortality rates—-12.8% in verapamil versus. 
13.8% in placebo-treated patients--and in reinfarction 
rates---7 versus 8.3%, respectively—were found. Retre 
spective analyses of the data from DAVIT I demo 
strated a lower mortality i in the verapamil group, 3. 1% 
compared with 6.4% in the placebo group (p = 0.05 
between day 22 and 180, The reinfarction rate was 
3.9% in the verapamil group compared with 7,0% in the 
placebo group (p = 0.03) between day 15 and day 
180.57 The results of DAVIT I were the major reaso 
for the decision to conduct a late intervention study. 
DAVIT II, the purpose of which was to examine wheth 
er treatment with verapamil from the second week after 
an acute myocardial infarction and continued for 12 to 
18 months might reduce total mortality and major 
events (i.e., death or reinfarction) compared with paee 
bo treatment. 


Viis has been shown in both in vitro and in 


METHODS o 
Organization: DAVIT II enrolled patients from A 
medical departments with coronary care units with e 
total catchment population of about 1 million. Eac 
center had a principal investigator. A steering commit: 
tee of 6 members, representing 5 of the participatin; 
centers, was responsible for the operational methods, 
monitoring the performance of the clinical centers and _ 
for preparing the study report. Two independent obse 
ers received interim reports of the results of the t 
every 3 months. Furthermore, all information about dis 
continuation due to adverse drug reactions and abou 
patient deaths was sent to the independent observe 
review as soon as possible after the event. Befor 
initiation it was determined. that the independ 
servers could terminate the trial if there was an unf: 


























acteristics of 1,775 Randomized - 
a Placebo Verapamil 
S No, (%) No. (%) 

No. of pts 897 (100) 878 (100) 
Male 714 (79.6) 702 (80.0) 
Female 183 (20.4) 176 (20.0) 
<65 years 577 (64.3) 589 (67.1) 
: Bob years 320 (35.7) 289 (32.9) 

History 

Previous myocardial infarction 161 G79) 138 (15.7) 

- Hypertension 125 (13.9) 125 (14.2) 

“cAngina pectoris 234 (26.1) 237 (27.0) 

> Diabetes 50 (56) 48 (5.5) 
“Cigarette smoking 552 (61.5) 557 (63.4) 
Complications in coronary care unit 

<: Shock 35 (39) 32 (36) 

Heart failure 323 (36.0) 291 (33.1) 
> Cardiac arrest 41 (4,5) 36 (4.0) 

“Status at randomization 
CT index <50 483 (53.8) 459 (52.3) 
CT index 250 273 (30.4) 284 (32.3) 

CT index not measurable 141 057) 135 (15.4) 
“Congestion, chest xray 58 (6.5) 59 (5.7) 

1 Atrial fibrillation 27 B0 23 (26) 

21t Bundle branch block 64 (7.2) 50 (6.7) 
Diuretics 375 (41.8) 349 (39.7) 

Digoxin 111 12.4) 98 (11.2) 
Antiarrhythmics 21 (23) 22 (2.5) 
Nitrates other than sublingual 75 (8.4) 69 (7.9) 

AMI type and location 
Anterolateral Q-wave 329 (36.7) 318 (36.2) 
Inferoposterior Q-wave 315 (35.1) 325 (37.0) 
Non-Q.wave 161 (7.9) 141 (16.1) 


(10.3) 


AMI acute myocardial infarction; CT = cardiothoracic, 


(10.7) 









‘Design and patient recruitment: The study was a 
multicenter, double-blind, randomized, placebo-con- 
trolled trial of verapamil. All patients below 76 years of 
ge at admission with the diagnosis of acute myocardial 
farction were considered eligible. Patients could be en- 
lled in the study from day 7 to day 15 after admission. 
All patients without exclusion criteria were included 
consecutively. Enrollment of patients began in February 
1985. According to the study protocol, treatment was to 
continue for 18 months. However, in case it was neces- 
sary to prolong the enrollment period, the last included 
tient had to be treated for at least 12 months. All 
treatment of patients ended in January 1989. For ad- 
_ ministrative reasons 2 centers had to stop follow-up of 
tients prematurely. This meant that 48 patients were 
rved for <12 months, 156 patients were observed 
between 12 and 18 months and 1,571 patients were ob- 
ed for 18 months (total: 1,775 patients). The aver- 
age duration of follow-up was 16 months. 
Exclusion criteria: Exclusion criteria were heart fail- 
stabilizing while receiving furosemide <160 
ystolic blood pressure below 90 mm Hg; sec- 














~ pertension; the patient's unw llingness parti 
ing outside the catchment area or having 

























hird degree atrioventricular block after the. 


ef admission ii sinoatrial block within 3 days of ; start. of new aro 0 or that the e patient was found 






780 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 








disabling disease with influence on the ‘prognosis 
making outpatient follow-up difficult or impossible; . 
postoperative or posttraumatic infarction; and congeni- 
tal or significant valvular heart disease. or 

Study participation could be terminated for the. fol- 
lowing reasons: patient unwillingness to continue: partic- 
ipation, second and third degree atrioventricular block, 
severe intractable heart failure, angina pectoris or ar- 
rhythmias necessitating treatment with 8 blockers or 
calcium antagonists and inability to continue treatment 
because cf other severe disease (e.g., cerebral damage). 
Reinfarction was not a reason for permanent treatment 
cessation; treatment might be interrupted for up to 2 
weeks. E 

Diagnosis of acute myocardial infarction: We used 
the same diagnostic criteria as in DAVIT. I5 Patients — 
were considered for inclusion if they demonstrated chest 
discomfort, electrocardiographic changes compatible 
with an acute coronary event and an increase of at least. 
25% above the upper normal limit in the serum enzymes. 
routinely used in the coronary care units (i.e., creatinine = 
phosphokinase MB, lactate dehydrogenase 1 ‘and aspar- © 
tate aminotransferase). az 

Medication: Study medication included verapamil . 
120 mg 3 times daily or matching placebo. Medication 
might be reduced to 1 or 2 tablets/day in case of 
adverse drug reactions. Patients were randomized in 
blocks of 10 at each center. Study drugs were provided 
by Knoll Aktiengesellschaft. ao 

Number of patients: When the study was planned in — 
1984, it was designed to have an 80% power to detect a 
30% reduction in total mortality (i.e., « = 0.05 and 8 =. 
0.2, 2-sided}. With an expected mortality of 13% after = 
18 months in the placebo group, the trial size estimates ` 
suggested that slightly >2,100 patients were needed. 
This included a 15% allowance for drop outs due to non- 
compliance or treatment with 8 blockers or calcium an- 
tagonists. Forty percent of all patients with acute myo- 
cardial infarction were expected to be included in the 
study. Inclusion was planned to be completed within 2 
years. However, the number of patients with acute myo- 
cardial infarction was lower than expected. After 2 
years the steering committee decided to extend the in- 
clusion period. The participating departments could 
only agree to increase the inclusion period for another 
half year. 

End points: The primary end points were total mor- 
tality and first major event (i.e., death or reinfarction). 
To explain a possible effect of verapamil, analyses of 
sudden death, cardiac death and cardiac events (ie, 
cardiac death or reinfarction) were planned, too. A re- © 
infarction had to fulfil the same criteria as the qualify- 
ing infarction, or autopsy examination had to demon- | 
strate an acute myocardial infarction. Sudden death — 
meant instantaneous death or death within 1 hour of 























































n Reasons for Permanent Treatment Stop 


Placebo - Verapamil 5 


No. (%) No. (%) 


E No. of pts. 


: 897 (100) 878 (100) 
| Death* 72 (80) 48 (55) 
“ls Second: or third-degree AV block? 7 (0:8) 23 (26) 
Did. not want to continue 61 (6.8) 68 (7.7) 
Heart failure 43 (4.8) 50 (57) 
Angina pectoris 95 (10.6) 74 (84) 
Antiarrhythmic treatment 14 (16) 13 (L5) 

Antihypertensive treatment! 10 (LD 0 — 

|. Constipation, abdominal paint u (1.2) 27 8.1) 
{Sinus bradycardia, SA block* 2 02 9 (1.0) 
¿Cannot take oral medication i1 aD 7 (0.8) 
Hypotension, dizziness 14 (1.6) 17 9 
u Administrative reasons 25. (2:8) 37 (4.2) 
oof Other reasons 16 (1.8) 19 (2.2) 
) At end of the study period 516 (57.5) . 486 (55.4) 


A ¥p<0.05:'p<00l. Overall chi-square = 43.3, p 0.01. 


T TABLE m Patients Still Recei g ! 








AY *# atrioventricular; SA= sinoatrial. 


dead unexpectedly. Cardiac death meant that no other 
cause of death was diagnosed based on all available in- 
formation. Autopsy was performed in 43 patients in the 

= verapamil group and in 47 patients in the placebo 
< group: Patient data, autopsy reports and death certifi- 
cates were sent to the coordinating center. All informa- 
<. tion. about each death was recorded’ on special data 
forms independently by 2 members of the steering com- 
mittee. In case of disagreement about cause and type of 
o th, the data were reviewed by a third member of the 
steering committee to make a final decision. This evalu- 

“ation was performed in a blinded manner. 

_» Administration, registration and follow-up: All pa- 
tients below 76 years of age admitted to the coronary 
care units with a suspicion of acute myocardial infarc- 
tion were recorded consecutively on special data forms. 
All patients with acute myocardial infarction were eval- 
uated for the study. Reasons for exclusion of patients 
with myocardial infarction were recorded. When a pa- 
tient was included in the study, the following informa- 
tion was recorded: history before admission, treatment 
<. and complications in the hospital, type and location of 
the infarction, and status at the initiation.of study treat- 
ment (i.e., heart rate, systemic blood pressure, chest x- 
ray, electrocardiogram and ongoing therapy). At dis- 
charge:from the hospital, the clinical status was evaluat- 
‘ed again. Repeat evaluations were performed after 1 
-and 3 months and then every third month up to 18 
months. Patients who stopped treatment prematurely 
would normally be seen after 18 months or at the end of 
the study period. 

Copies of the data forms were sent to the coordinat- 
ing center and checked before inclusion in the data 
es base. 
oe Information about patient deaths occurring during 
idy period was obtained. on. January 31,.1989, 
Central Persons Register, The Ministry of In- 
senhagen, where information about Heaths | in 
is Teginterod within 2 weeks, 













„parison of the 2 treatment groups 
n line and other variables was done with tan 
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No. (3%) No, (%) ae 



















No. of pts. 566 (100) 528 (100) | 

Trial medication ee 
3 tablets /day 550 (97.2) 490 (92.8): 

Other medication 
Digoxin 58. (10.2) 43 (81) 
Diuretics* 194 (34.3) 144 (27.3) 0 
Nitroglycerin 164 (29.0) 130 (246) oo 
Other nitrates 106. (18.7) 76 (14.4) 

Clinical findings si 
Angina pectoris 191 (33.7) 151 (28.6) 
Dyspnea 83 (14.7) 81 15.3) 00) 
Peripheral edemas 19 (3.4) 24 (45 
Pulmonary congestion 8 (14) 3 C6) 0% 
Simoker* 200 (35.3) 221 (41,9). 

NYHA group ue 
l 425 (75.1) 404 (76.5) oo 
ii 131 (23.1) 117 (22.2) 4 
HAV 10 (1.8) 7 aay 

Heart rate (beats/min)? 76411 70 + 10 

Blood pressure 
Systolic (mm Hgy? 141 +20 136418 
Diastolic (mm Hgy? 86411 82+ 10 

*9 <0.05;' p< 0.01. values are mean + standard deviation. 
NYHA = New York Heart Association. 





























Ethics: The study was approved by the local ethics 
committee and the Board of Health. Written and or 
information was given to all patients in accordance wi 
the rules of the Central Scientific-Ethical Committee 
for Denmark. The study was conducted in accordan 
with the Helsinki declaration. _ 

Data management: The patient data base was co 
structed using the Scientific Information ' Retriev: 
(SIR) Data Base Management System. Each patient 
was identified by a unique Person Identification Num- 
ber. At the start of the study the randomization key was 
loaded into the data base. It was accessible only to the 
Data Base Administrator, thereby facilitating interim 
reports for the independent observers. 

Using the SIR/FORMS subsystem of SIR, a num- 
ber of logically connected screen forms were construct- 
ed for data entry into the data base. A wide range of © 
logical checks were built into these forms so that data 
could be extensively checked during entry. Data entry 
was performed at a terminal situated at the study center 
in Hillergd immediately when received. No person in- 
volved in conduct of the study or member of the steer: 
ing committee had access to the data base. Data in the 
SIR data base were processed and moved directly to the 
BMDP statistical program package for interim and _ 
nal analyses. Data processing was performed on a C 
CYBER model 825 running the NOS operating syste 

Statistical methods: Statistical analyses were | 
formed using the BMDP statistical program pack: 
1987 version, programs 1D, 3D, 4F, 1L and 2L. Co 






















ation and that gives approximately the same 
early and late events. The comparisons were 
n an intention-to-treat basis. Analyses, stratified 
according to center, were done, too. Statistical tests 
ere 2-sided with an œ level of 0.05. Event curves were 
tructed according to the Kaplan-Meier method. 
Hazard ratios and confidence limits for hazard ra- 
were calculated using the BMDP program for Cox- 
regression, 2L. Minor discrepancies between the result- 
ing confidence limits and the p values from the Tarone- 
Ware tests occurred because the hazard ratios are based 
on the proportional hazards assumption, which is not 
the case for the Tarone-Ware test. 

















died before randomization; 2,216 patients were exclud- 
ed. Major reasons for exclusion were: heart failure 
13%), sinoatrial or second or third degree atrioventric- 
block (11%), treatment with 8 blockers (18%) or 
um. antagonists (19%), other severe disabling dis- 
(12%), patients not wishing to participate (16%) 
patients living outside the catchment area (8%). 

One thousand seven hundred seventy-five patients 
re randomized: 878 patients were randomized to 
ent with verapamil and 897 to the placebo group. 
e 2 groups of patients showed no statistically signifi- 


Placebo 
Verapamil 


mme am te ar an 








+ 9.4 years in the verapamil i group; for wo 
62.4 + 9.5 years and 62.3 + 8.7 years, respectively 
Women were significantly older than men (p <0.01). 
At randomization mean heart rate was 75 + 11 beats 
min, systolic blood pressure 120. + 16 mm Hg and dia 
stolic bleod pressure 76 + 10 mm Hg for both groups 
Treatment was stopped permanently before study com- 
pletion in 392 patients in the verapamil group and in 
381 patients in the placebo group (Table ID. Based on 
tablet counts, 86% of the patients in the placebo group 
and 87% of the patients in the verapamil group had take 
en at least 90% of the tablets prescribed. 

Patients were seen in outpatient clinics 1. and 3 
months after discharge and then every third month, In- 
formation about status of patients seen in the outpatient 
clinic after 12 months is presented in Table III. This 
information is representative of the findings at all status. 
controls. According to the protocol, patients complain- _ 
ing of angina pectoris had to first be treated with isosor- = 
bide dinitrate and sublingual nitroglycerin. If a satisfac. 
tory result was not obtained with this treatment, trial. 
medication was stopped and treatment with 6 blockers = 
or calcium antagonists was initiated without breaking — 
the code. Among the patients seen 1. month after dis- 
charge, 38.7% (311 of 803 patients) in the placebo > 
group and 33.2% (248 of 748 patients) in the verapamil 
group (p = 0.02) reported attacks of angina pectoris. 

Over time the proportion of patients still in treatment. = 
reporting angina pectoris decreased (Table III); no dif- o 
ference between groups was found after 18 months. 
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Cumulative event rate 
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oe No. of 
Event 
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Rate Hazard nk 
(%) j Limits 
















"uo Ai patients 


©°Total death 119 (13.8) 95 
= First major event 180 (21.6) 146 
Cardiac death 107 (12.3) 84 
Sudden death 63 (7.4) 46 

< Fiestreinfarction 107 


oo First cardiac event 
<i Neheart failure 





Total death 64 (11.8) 43 
First major event 104 (19.7) 78 
First reinfarction 66 


: ooFirst. cardiac event 
Heart failure 

“Total death 

First major event 

| First reinfarction 
“First cardiac event 
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G11) 0.11 0.80 0.61, 1.08, 
(18.0) 0.03 0.80 0.64, 0.99: 
(9.9) 0.10 0.79 0.59, 1.05. 
(5.6) 0,10 0.74 0.50, 1:07.05. 
(11.0) 0.04 0.77 0.58, 1,037: 
(17.0) 0.03 0.80 0.64, LOQ: 












0.44, 0.94: 









(7.7) 0.02 0.64 
(14.6) 0.01 0.70 0.52,0.93 00 
(9.4) 0.02 0:67 046,097: 
(13.9) 0.01 0.71 0.52, 0.96. i 














0.72, 1.54 


(17.9) 0.79 1.05 
(24.9) 0.98 1.00 0.72, 1.39 
(14.3) 0.63, 1.54. 






(23.1) 0.69, 1.35 











This is in accordance with the finding that angina pec- 
 toris was more often the major reason for permanent 
treatment cessation in the placebo group than in the ve- 
rapamil group (Table II). 
End points: Intention-to-treat analyses (Table IV) 
nstrated after 18 months a statistically nonsignifi- 
compared with the placebo group (Figure 1) and statis- 
tically significant reduction of first major events in the 
verapamil group (Figure 2). The total number of re- 
infarctions. (including second and third reinfarctions) 
was 91 in the verapamil group and 129. in the. placebo 
group—a reduction of 29% for all recorded reinfarc- 
tions. The 18-month first reinfarction rate was signifi- 
=~ cantly reduced in the verapamil group. 
. Before breaking the code, we elected to perform a 
number of subgroup analyses. The variables were gen- 
der, age above and below 65 years, previous myocardial 
_ infarction, cardiac arrest in the coronary care unit, atri- 
_ al fibrillation, angina pectoris, type and location of the 
::: myocardial infarction, and heart failure at any time be- 
‘< fore randomization during stay in the coronary care 
„unit, Interaction -analyses demonstrated that only infor- 
¿mation about heart failure was related to event rates 
_ (Table IV, Figure 3). 











_ DISCUSSION 
Animal experiments have demonstrated that treat- 
ment with verapamil before an ischemic injury reduces 
infarct size.'->8 Continuation of the treatment after cor- 
onary artery occlusion maintains the beneficial effect of 
erapamil.? Pretreatment prevents postischemic stun- 

1]. cee the Mae from caved animal experi- 









First major event = first reinfarction or death: First cardiac event = first reinfarction or cardiac death. 













































in accordance with the retrospective analyses of the : 
sults of DAVIT 157 Verapamil is effective in preve 
tion of ischemic episodes in patients with stable a 
pectoris,!' unstable angina,'*!> vasospastic . a 
na'* and silent ischemia.!3'!5 Verapamil reduces 
prevalence of ventricular ectopic beats’ and may pi 
vent exercise-induced ventricular tachycardia.'®!7 The 
findings support the hypothesis that verapamil may 
duce myocardial ischemia and prevent arrhythmi: 
ter a myocardial infarction. 

DAVIT I was conducted to ascertain if trea 
with verapamil reduced total death and major even 
As we anticipated when planning the study, 40% of the 
patients with acute myocardial infarction had no 
sion criteria and were randomized. Mortality rates 
the placebo group after 12 and 18° months were 
and 13.8%—well in accordance with the expect 
ues of 10 and 13%, respectively. There were 1,775 | 
patients; we initially planned to include 2,100. The en- 
rollment was lower because 2 departments stopped i 
clusion of patients for administrative reasons and : 1 


patients, the statistical power of the study is slighty re 
duced compared with the study plan. There was | 


likewise recorded with great certainty, because. pati 
were normally readmitted to the same departanta 









the end of the study period. 
The important result of this study is a signifi 
reduction in major and cardiac events. The effect of 
rapamil might be related to a reduction : in myoc: 





he subgroup analyses presented were planned be- 
‘ore termination of patient follow-up in DAVIT II. The 
alyses (Table IV) demonstrated that patients without 
heart failure in the coronary care unit had a significant- 
y better prognosis than patients with heart failure. Ve- 
rapamil caused a significant reduction of 18-month 
mortality, major event, cardiac event and reinfarction 
ates in patients without heart failure. No significant 
differences were found between the 2 treatment groups 
patients with heart failure. The overall positive effect 
of verapamil was thus found in patients without a histo- 
ry of heart failure in the coronary care unit immedi- 
ately before randomization. The effect of verapamil in 
patients without heart failure corresponds to the find- 
ings of the Multicenter Diltiazem Postinfarction Trial 
‘MDPIT)!® that diltiazem reduced cardiac events in pa- 
_ tients without heart failure. But, contrary to diltiazem, 
erapamil had no harmful effect in patients with heart 
ailure. 
Other studies: Two other large-scale late interven- 
ion postinfarction double-blind, placebo-controlled tri- 
Is have been conducted with calcium antagonists: The 
Secondary Prevention Reinfarction Israeli Nifedipine 
ial (SPRINT)? and MDPIT.'8 The protocols of 
ese 2 trials are similar to the DAVIT H protocol, al- 
igh we excluded patients in need of 8-blocker thera- 
ue to angina pectoris, arrhythmias or hypertension, 
we did not use 8 blockers as secondary prophylaxis 
an acute myocardial infarction. Twenty percent of 
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mortality rates in patients with (differ- 
significant) and witout heart talare Pp - 0,02), ac- 
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MDPIT. The 1-year nonelity tate in de s pla bo 
groups of SPRINT and MDPIT was approximately 6 
to 7%; the rate was 10.8% in the DAVIT II placebo 
group. It is also of interest to note that 32% of the 251 
deaths in the diltiazem study were classified as noncar- 
diac compared to 18% of 132 in SPRINT and 15% of — 





214 deaths in DAVIT II. The SPRINT, where 30 mg 


nifedipine/day was given, found 10-month mortality 
and nonfatal reinfarction rates of 5.7 and .4.8%.in the 


placebo group and 5.8 and 4.4% in the nifedipine group. 
(difference not significant). The patients in MDPIT re- 
ceived 240 mg diltiazem/day. After a mean observation = —— 
period of 25 months, the mortality rates in the placebos. 
and diltiazem groups were equal at about 16%, and =- 


the cardiac event rates (i.e., cardiac death and non- 
fatal reinfarction) were about 20 and 18%, respectively. 

Thus, neither nifedipine nor diltiazem were demon- | 
strated to have any overall beneficial effect on mortality — 


or reinfarction rates after an acute myocardial infarc- 
tion. The lack of effect of nifedipine might be explained _ 


by the pronounced vasodilator properties of nifedipine 
often associated with increase in heart rate. The lack of 


effect of diltiazem might be related to the simultaneous. 
6-blocker treatment in about 55% of the patients. If the 


2 types of drugs are influencing the same factors, nos: 
further effect could be expected by adding diltiazem to 
8 blockers.?° 
Held et al?! recently gave an overview of calcium . 
antagonists in acute myocardial infarction and unstable _ 
angina. Analyses of 2 acute and long-term trials5?? and 
3 long-term trials'*:'°23 demonstrated a slightly in- 


creased mortality in the calcium antagonist-treated pa- <. : 


tients compared with the placebo-treated patients. Their 
conclusion was that calcium antagonists cannot, be rec- 
ommended for routine use after an acute myocardial . 
infarction. It is questionable whether it is reasonable to. 
combine data from trials performed with drugs with 
such highly differing pharmacologic profiles as lidofla- 
zine,*nifedipine,'922 diltiazem!® and verapamil.> 
Yusuf et al** recently presented an extensive review 
of early and late intervention trials in patients after an; 
acute myocardial infarction based on meta-analyses. 
For patients treated with 8 blockers compared with pla- 
cebo-treated patients they calculated a reduction in 
pooled odds ratio of mortality of 22% (95% confidence 
interval, 16 to 30%) and of reinfarction of 27% (confi- 
dence interval, 17 to 37%). The findings of DAVIT II, 
with a reduction in hazard ratios of 20 to 26% for vera- 


pamil-treated patients compared with placebo-treated 
patients (Table IV), correspond to the effect of 8e o= 
blockers. From a clinical viewpoint verapamil may be = 
considered an alternative to 8 blockers as secondary — 


prophylaxis after an acute myocardial infarction. 





REFERENCES | 
1987;15:267-35. 
































ess the impact of a field-transmitted electro- 


i iogram (ECG) on patients with possible acute 
ci „randomized and open trials 
performed with a portable electrocardio- 
phic system coupled with a cellular phone pro- 
‘ammed to automatically transmit ECGs to the 
base hospital. Consecutive patients served by the 6 
units of the Salt Lake City Emergency Rescue Sys- 
n were studied; 71 patients were randomized to 
-field ECG (n = 34) versus no ECG (n = 37). Time 
on scene was 16.4 + $.7 minutes for the ECG 
group versus 16.1 + 7.0 minutes for the non ECG 
group (difference not significant). Time of transport 
‘aged 18.2 + 9.9 and 17.6 + 13.1 minutes, re- 
tively (difference not significant). Six of 34 pa- 
with in-field ECC showed acute myocardial 
ction, qualified for and received thrombolytic 
therapy at 48 + 12 minutes after hospital arrival 
ige 30 to 60) compared with 103 + 44 minutes 
(p <0.01) for 51 historical control patients and 68 
+ 29 minutes for 6 concurrent control patients 
without in-field ECG. Thus, in-field ECG causes 
gligible delays in paramedic time, leads to signifi- 
t decreases in time to in-hospital thrombolysis 
d may make in-field therapy feasible. in-field 
ECG may be an important addition to reperfusion 
strategies. 
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come established. therapy in acute myocardial in- 
farction (AMI),!? now known to be precipitated by 
coronary thrombosis? and to evolve rapidly after coro- 
nary occlusion.’ Early application of therapy has been 


I: the: past decade, thrombolytic reperfusion has be- 


shown to be important to achieve early reperfusion®’ to. 


improve left ventricular function and decrease infarct 
size®“'4 and to decrease mortality.!5-!’ Treatment given 


in <2 to 4 hours after symptom onset has consistently =. 
yielded greater benefit than later treatment U41547 and 
even earlier therapy (within 1 to 2 hours) is desir- 


able. {11,15,67 
Delays in administering thrombolytic therapy in- 
clude not only patient delays and transport time, but 
also hospital delays after arrival.'*-2° Paramedic trans- 
mission of an in-field, 12-lead electrocardiogram (ECG) 
to physicians at the base hospital is a newly available 
approach to decreasing delay to AMI diagnosis?! and 
treatment.?? However, additional experience from 
controlled studies would be useful to establish the reli- 
ability and impact of in-field ECG before embarking on — 
its extensive use, including the guidance of in-field: | 


thrombolytic therapy.??-24 This study assesses the feasi- | 


bility and impact of field-transmitted ECG on the pre- 
hospital and early hospital care of patients with Bs 
ed AMI in a randomized design. 


METHODS ae 
The purpose of phase I of the Field Asibailance 
Study of Thrombolysis in Myocardial Infarction 
(FAST-MI) was to show the feasibility and advisability 
of using an in-field ECG to direct the initiation of 
thrombolytic therapy in a randomized, dry-run study 
design before initiating Phase II (currently underway) 
of the treatment study (initiating therapy in-field versus 

in-hospital). 

Study ebjectives and hypotheses: Specific study ob- 
jectives were the following: to assess the feasibility of 
obtaining and transmitting the in-field electrocardio- 


gram (ECG) to the base hospital; to evaluate and com- = . 
pare the natural history of in-field evaluation and-trans- = 


port of chest pain patients. both with and without knowl- 
edge of the field-transmitted ECG; and to determine the 
reliability and “safety” of paramedic/emergency physi- : 
cian diagnesis of AMI and triage to thrombolytic there 
PY. We shader rts that the in-field ECG could be o 


















































n education phase and a study phase. 
- Education phase: The Salt Lake City Paramedic 
‘Rescue Units serve a population base estimated at 


600,000 people. Initially, 2 training sessions were con- 
© ducted in a prefield setting for the 6 paramedic units 


(SO personnel). Subsequently, in-field training was pro- 
vided at least twice for each paramedic unit. Concur- 
rently, training of emergency. room. physicians and 


-nurses was undertaken in receiving and reviewing field- 
transmitted ECGs and in randomizing patients to 
| “mock” in-field initiated versus emergency room initiat- 
= < ed- therapy. A start-up phase was then undertaken, con- 


sisting of a series of consecutive ECGs in chest pain 
patients (210 per paramedic unit) to show the ability to 
‘correctly use the equipment. 

i ‘Study phase: After study ‘initiation, consecutively 
evaluated patients were selected for an ECG based on 


the clinical (paramedic’s) suspicion of possible AMI 
(i.e. suggestive chest pain) alone. (Further clinical eval- 
--wation—e.g., assessment of other inclusion/exclusion 
=> griteria for “mock” thrombolytic therapy-—was consid- 


| ered afterward in patients with a diagnostic ECG.) 


> Paramedics randomized “ECG-eligible” patients at the 


scene to obtain or not to obtain an in-field ECG by 
opening a sealed envelope. Records were kept of the ac- 
tual time spent in attending to the patient at the scene, 
the time in transport and the time to thrombolytic ther- 
-apy if given after hospital arrival. Phase I was prospec- 


tively planned to run for 3 months or until >50 patients 


over the age of 35 years were evaluated. A flow chart of 
ae the study is shown in Figure 1. 
Infield. graphic assessment: An in- 

i field 12-lead ECG was performed by means of a bat- 
tery-powered portable electrocardiograph weighing 28 


: : Ibs (Marquette, Inc.). The ECG was usually performed 


on-scene, but occasionally in-transport. Both an on- 
scene 12-lead ECG printout and a hospital printout, 
= both with ECG interpretation (Marquette Diagnosis 


Program Software), were provided by the system with 


minimal delay (<1 min). 

Patients were considered for “mock” thrombolytic 
= therapy if they gave a history of chest pain suggestive of 
_ ischemia of 220 minutes duration despite nitroglycerin, 

_ had electrocardiographic evidence of transmural injury 


(20.1 mV ST elevation in =2 limb leads and/or 20.2 


7 - mV in 22 precordial leads), were <76 years old and 
' had no contraindications (Figure 2). For these patients, 


s -the emergency room physician reviewed by telephone 


the exclusion list (Figure 2) with the paramedics. In 
qualifying patients, randomization was made to “mock” 


in-field versus in-hospital thrombolytic therapy by 


-means of a consecutively numbered envelope. 

-o> Analysis: Time at scene and time in transport were 
veraged for the 2 assignment groups and compared by 
lent’s t test. Time delays were also assessed from 


ee of A e 
paramedic) an retros 


tudy design: T he study was designed i in2 parts— of AMI was also made. A 


gency room arrival to ome empr a ando | 








presented as mean + standard deviation. 
<0.05 was considered statistically significant. 







RESULTS 

Randomized phase: The randomized por 
Phase I was conducted over a period of 3 months 
cember 1988 to March 1989). A total of 180 calls w 
received for chest pain; 71 (39%) of these patients y w 
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< a8 paving i s 
ee a trocudionraphic review, the < 
in-fiele electrocardiogram on prehospital Sand was. equivocal i in |. The 
ssignment to the in-field ECG group caused a show no MI in the other 28. Two other pati 
e overall impact on time spent at the scene diagnosed as having AMI by in-field ECG amo | 
e 3) and on time in transport (Figure 4). Time additional patients with possible’ AMI studied: in t 
on the scene averaged 16.4 + 9.7 minutes for the start-up phase, before beginning the randomization pro- 
field ECG group (n = 34) and 16.1 + 7.0 minutes tocol. Of these 8 patients with AMI, 3 were ineligible, 2 
r the nonECG group {n = 37, difference not signifi- because of age =76 years and 1 because of cardiac ar- 
cant), The range of times at the scene was 2 to 36 min- rest requiring resuscitation measures. 2 
utes for the ECG group and 4 to 50 minutes for the Time to thrombolytic therapy after in-field electro- 
nECG group. Transport time from the scene to the cardiogram: Of patients receiving in-field ECG, 5 . 
hospital averaged 18.2 + 1.7 minutes in the ECG group showing AMI qualified for and received thrombolytic = 
and 17,6 + 2.2 minutes in the nonECG group. The therapy in-hospital. In these patients, the time from hos- 
range of transport times was 4 to 40 minutes for the pital arrival to initiation of therapy averaged: 48+ 12 
ECG group and 3 to 50 minutes for the nonECG group. minutes (range, 30 to 60 minutes). This compares fa- 
iagnosis and confirmation of acute myocardial in-  vorably with 103 + 44 minutes (p <0.01) for 51 histori > 
larction based on in-field electrocardiogram: A total of cal control patients entered into thrombolytic therapy 
6 (17%) of the 34 patients receiving in-field ECG were studies over the previous 3 years (Figure 5), and 68 + 
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tic therapy during the 3-month period of the 
ase I study but not having in-field ECG. 
DISCUSSION 
— — — Study summary: Phase I of our FAST-MI study 
showed the feasibility, efficiency and reliability of 
= in-field ECG acquisition by a paramedic/emergency 
_ physician team in evaluating chest pain calls for a rep- 
resentative urban/suburban population. The equipment 
was easily adapted to paramedic use. During the educa- 
<- tion and start-up phases, a number of minor technical 
difficulties were addressed and overcome. In the ran- 
_ domized phase, increases beyond the previous average 
_. of 35 minutes total time at the scene and in transport 
< were. minimal (nonsignificant). Agreement between 
` emergency physician (prospective) and cardiologist (ret- 
rospective) diagnosis of AMI was good; no false nega- 
~» tive diagnoses and only 1 equivocal false positive diag- 
<o nosis occurred. However, these numbers are small and 
further observations are needed. Importantly, the time 
from hospital arrival to initiation of thrombolytic thera- 
py was decreased by about 40 minutes compared with 
that in our recent study experience.’ A decrease of 20 
minutes to therapy was also achieved when compared 
with a concurrent group of treated patients not receiv- 
ing in-field ECG, 








-Minutes (mean) 


In Field ECG 
(n=34) 





ites for 6 concurrently treated patients receiving Reasons for delay in initiating th . 
py: Delays to thrombolytic therapy after ia 


appear to contribute more to overall delay to thromb< 
lytic therapy than either transport time or patient dela 
in seeking medical assistarice.!? In a recent Minnesota 
study, in-hospital delays accounted for more than half 
of the total time from onset of symptoms to initiation of 
thrombolysis. Of the total hospital delay of 90 minutes, | 
20 minutes were due to the initial ECG. Other delays _ 
were less when drugs were administered in the emergen- . 
cy department (47 minutes) than after transfer to the 
coronary care unit (82 minutes). Similar hospital delays _ 
were observed in both our. recent historical experience 
(108 minutes)’ and in an earlier Western Washington | 
trial (102 minutes).*? E 

In-hospital delays in initiating therapy include the 
following: administrative reasons (registration, ` tri 
age, overcrowding/bed problems); diagnostic evaluation 
(nurse, physician evaluation; ECG, blood, x-ray tests); 
therapeutic needs (starting intravenous lines); medical/ 
political reasons (consultations among private physician, — 
cardiologist, house staff); and pharmacy delays (obtain 
ing, mixing, administering drug).!? 

Impact of in-field electrocardiogram on hospital de- 
lays: Transmission of an in-field ECG alerts the hos. 
pital-based medical care team in advance that an in- 
coming patient has an AMI. These hospital delays may _ 


Minutes (mean) 








the first ECG appears to be direi at on 
time saved to thrombolytic therapy. In the Seattle 
jence, in-hospital delay was decreased from 102 to 
inutes after instituting an in-field ECG system? 
re 5). Similarly, we saw a decrease from 108 to 48 
tes (Figure 5), Part of this decrease may also re- 
lect better training of emergency room personnel in 
eening patients and greater involvement in initiating 
py, as suggested by the decrease in delay noted 
tly in our studies (108 to 68 minutes) and in oth- 
*,°0.22 even in patients not receiving in-field ECG. 
Demography of chest pain patients evaluated by 
paramedics: Only a small minority of patients with 
shest pain attended to by paramedics have electrocar- 
graphic and clinical characteristics of AMI that 
ualify them for thrombolytic therapy, an observation 
_of importance to the planning of future intervention 
tudies. In our study, 39% (71 of 180) of total chest 
in calls were judged clinically to represent possible 
Al and of these, only 17% receiving in-field ECG 
wed AMI. Thus, only about 7% of chest pain calls 
were identified in-field as an AMI. Of the 8 patients 
- showing AMI by in-field ECG, 5 qualified for thrombo- 
lytic therapy (63% of AMI patients but only 3 to 4% of 
ll chest pain calls). Similarly, in the larger Seattle ex- 
perience, 3% (83/2, 465) of patients calling with chest 
in met criteria for possible prehospital thrombolytic 
herapy.”? Patients were excluded most commonly be- 
cause of a nondiagnostic ECG, pain >6 hours, age 275 

























Fast-M! Historical MITI Western 
IF-ECG Controls Project Washington 
(n=6) (n=51) Phase 1 2nd Trial 
Seattle 
(n=89) 
















IGU 5. Times to thrombolytic therapy after hospital arriv- 
Lefi, patients with acute myocardial infarction who re- 
electrocardiogram (IF-ECG) compared with 
control patients (right) not getting IF-ECG; 
comparison also showing treatment times 








were candidates for thrombolysis in the emergenc 
room based on age $75 years, pain for <4 hours and 
diagnostic ECG,?> before accounting for exclusions due 
to contraindications to thrombolysis. Of some concern 
was their estimate that for every patient treated with = 
true positive findings (based on the interpretation of a 
single ECG), 1 to 2 patients with false positive results 
might be treated. Fortunately, this last conjecture has 
not been substantiated in clinical trials in which, gener- 
ally, =95% of patients have subsequently: showed an 
AMI,715.!6 

implications for in-field thrombolysis: Our study 
supports the feasibility of initiating thrombolytic thera- 
py in-field but also emphasizes the need for controlled - 
trials before embracing in-field therapy. Our experience 
in the FAST-MI is consistent with that of others that — 
suggest that a good, although not perfect, correlation 
exists between emergency physician/computer diagnosis: 
of AMI and cardiologist (retrospective) diagnosis. Us- 
ing similar technology, the University of Washington 
group achieved a 70% sensitivity and a 100% specificity 
for a computer-based diagnosis algorithm (Marquette 
System Diagnosis Program) of AMI.*4 Although this 
exceptional specificity will require further confirmation, 
the results do suggest that a computer based system 
may help prevent over-diagnosis of AMI'°3 and poten- 
tially hazardous?’ overuse of thrombolytic therapy by 
emergency room personnel less experienced in ECG in- 
terpretation. 

Improved accuracy in diagnosis and therapy. might 
also be achieved by having well-trained physicians trav- 
el with paramedic units.!'26 However, this approach : 
does not appear to be practical in the United States: = = 4 

Another approach to optimizing both safety andeffi- 7 
cacy may be to use a small “priming” dose of a short-. = 
acting thrombolytic agent in the field to begin the pro- 
cess of thrombolysis. Review of the decision to give full- 
dose therapy could then be made in the emergency 
room and therapy effectively terminated if desired. Tis- 
sue plasminogen activator (alteplase) has the properties 
of excellent hemodynamic tolerance, rapidly acting 
thrombolytic effect and a short half-life. The efficacy 
and safety of “front-loaded” (bolus initiated) regimens 
of alteplase have been recently evaluated and appear to 
be promising.*’ Based on these characteristics of alte- 
plase, we believe that the administration of an in-field. 
loading bolus (i.e., 20 mg) by paramedics, followed by E 
continuation of a ful ll-dose regimen upon hospital arriv- 
al, represents an appealing regimen to test (FAST-MI, 
Phase II). However, given the potentially dire conse- o 
quences of misapplication of thrombolytic therapy and = 
both medical and legal concerns about paramedic ad- 

f bolytic therapy, we believe | ; hat 
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A Fbi of 3 screening criteria (Q wave 230 ms in 
lead aVF, any Q or R wave <10 ms and <0.1 mV 
n lead V2, and R wave 240 ms in V1) has been 
_ proposed to identify single nonacute myocardial in- 
— farcts. Cumulatively, these 3 criteria achieved 95% 
specificity, and 84 and 77% sensitivities for inferi- 
or and anterior myocardial infarcts, respectively, 
among patients identified by coronary angiography 
and left ventriculography. This study establishes 
_ the true sensitivities of the set of screening criteria 
_ in 71 patients with anatomically proven single myo- 
_ cardial infarcts and 32 patients with multiple myo- 
_ cardial infarcts. In the single inferior infarct group, 
_the aVF criterion was 90% sensitive. The V2 crite- 
n (any Q or R wave <10 ms and <0.1 mV) was 
7% sensitive in the single anterior infarct group. 
> single criterion proved sensitive in identifying a 
ue posterolateral infarct. The set of screening criteria 
formed just as well for multiple infarcts as it did 
for single infarcts, with a cumulative sensitivity of 
72%. The overall sensitivity of the screening set in 
es 103 patients in all groups was 71%. 
En (Am J Cardiol 1990;66:792--795) 
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gram has served as the primary clinical tool for: © 


F: many years, the standard 12-lead electrocardio- 


diagnosing the presence and location of myocar- 
dial infarction. However, the traditional electrocardio- 
graphic criteria used to diagnose myocardial infarction 
have been proven to be relatively insensitive.) Subse- 
quent studies*-> have proposed improved criteria to 
identify infarcts in the common locations of the left ven- 


tricle; inferior and anterior. However, some of these cri- 


teria require an electrocardiogram of exceptional tech- 
nical quality and therefore may not be easily applied a 
routinely. 

Using computer simulations of the human heart ac- 
tivation sequence, Selvester et al%’ identified electrocar- 
diographic changes that occur with various sizes. of 
infarcts in the distributions of the 3 major coronary 
arteries. A complete 54-criteria/32-point QRS scoring 
system® was then developed to estimate infarct size. 
Each of these criteria has attained 295% specificity in 
normal subjects, but a score of >3 points was required 
to achieve that specificity standard for identifying the 
presence of an infarct. Thus, use of the complete scoring 
system in screening for myocardial infarction would be 


too insensitive to include small lesions in the range of 1” 


to 10% of the left ventricle. It therefore became neces- 
sary to identify a subset of 3 screening criteria? (Q wave 
230 ms in lead aVF, any Q or R wave <10 ms and 
$0.1 mV in lead V2, and R wave 240 ms in Vi) to” 
detect single nonacute infarcts. Cumulatively, this sub- 
set achieved 95% specificity, and 84 and 77% sensitiv- 
ities for inferior and anterior infarct groups, respective- 
ly, among patients identified by cardiac catheterization. 
However, these sensitivities have never been validated in 
anatomically proven infarcts or in any patients with 
multiple infarcts in which electrocardiographic signal 
cancellation of criteria for 1 infarct by another might 
potentially occur.'@!! Using anatomically documented 
single and multiple infarct populations, the purpose of 
this study was to evaluate the sensitivity of these screen- : 
ing criteria for detecting infarcts in all locations of the. 
left ventricle. 


METHODS eh 

Patient population: Deceased patients from 8 col- 
laborating medical centers as previously described, 17714 
and the Multicenter Investigation of Limitation of In- 


















ogram and patients’ "deaths taal from 1 to 

- 300 days (mean 19). Patients were classified into inferi- 

or, anterior, posterolateral and multiple infarct groups 

according to anatomic infarct location as described lat- 
er. Those with single infarcts constitute the same popu- 
< lations included in previous reports,'2-!4 and infarct size 
ranged from 1 to 57% (mean 17%). Those with multiple 

“infarcts were new cases collected during the latter part 

» of the study and infarct size ranged from 3 to 48% 

(mean 23%). 

Anatomic techniques: The hearts, collected between 

1969. and 1988, were prepared and studied at the time 

of autopsy by previously described methods.'6!” 

“The heart was divided into inferior, anterior and pos- 

terolateral thirds, with a line from the centroid of the 

__ left ventricle to the midseptum serving as the reference 

- line.!2-!4 The divisions correspond approximately to the 

-3.major coronary artery distributions: left anterior de- 

‘scending, right and left circumflex. The greatest percent 

infarction in any third determined the location among 

patients with single infarcts. The multiple infarct group 
had 22 noncontiguous infarcts involving different coro- 
~ nary artery distributions. 

; Electrocardiographic techniques: The final “stable 
- electrocardiogram” was identified for each patient. This 
~ electrocardiogram showed no evidence of electrolyte im- 

_ balance, pericarditis or cardiogenic shock. Table I lists 
the screening criteria. All measurements were obtained 

manually with hand-held calipers. Q and R durations 
“were measured in milliseconds along the PR baseline (1 

_ mm = 40 ms), and the R amplitude i in. millivolts (1. mm 
ost 0:1 mV). The 3 screening criteria are referred. to ac- 
cording to the lead in which each. occurs. 

Examples of the varieties of the wave forms are il- 
lustrated in Figure 1. The “aVF criterion” is met by 

` a Q wave 230 ms either as QR (A1) or QS (A2) in 
the absence of any notches. A notched Q wave (A3) is 

present if there is reversal in direction of 20.05 mV 
“within the initial negative deflection. In this instance, 

duration of the Q wave is measured along the PR seg- 

-ment baseline from the onset of the negative deflection 
“to the point directly above the peak of the notch. The 
< “V. criterion” is met either bya Q wave (Bl) or the 

combined R wave $10 ms and <0.1 mV (B2) or both 
‘the Q and R components (B3). The “V, criterion” is 
-met by an R wave 240 ms which may occur as Rs 
(C1), rS (C2) or simply as R (C3). More complex vari- 
ations. of these wave forms are seen in patients with 

‘multiple infarcts. Each electrocardiogram was then 

evaluated for the performance of the individual criteria 

occurring singly or in combination in all infarct loca- 
tio 
































Seventy-seven (75%). were men (age range 28 to. 78 
years, mean 57) and 26 (25%) were women (age range ; 
35 to 84 years, mean 63). e 
Table II summarizes the sensitivities of the screening » 
criteria. Among patients with single inferior infarcts, | 
the aVF criterion was present uniquely in 83% and in 
combination with one of the other criteria in an addi- 
tional 7%. For patients with single anterior infarcts, the _ 
V; criterion was the only one met and it achieved a 67% 
sensitivity. In the single posterolateral infarct popula- 
tion, both the aVF and V; criteria achieved 20% unique 
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a ts Inferior Anterior Posterolateral ‘Multiple 
_ Screening Criteria (n= 30) (n= 21) (n= 20) (n= 32) =103) 
aVF alone 83% 19) 20% 41% Alo 
“No alone 0 67% 0 3% 14%" > 
oy My alone (0) o 20% 3% 5%... 
> aVF and Va 0 10) o 25% B% 
c aVF and V 7% 0 5% 0 3% 
Vi and V2 0 ie) O 0 0 
Any 90% 67% 45% 72% 71% 










































sensitivities and an additional 5% was gained with com- 
bination of the aVF and V; criteria. Among patients 
with multiple infarcts, the aVF criterion had the highest 
unique sensitivity (41%) and the screening set achieved 
72% sensitivity. The overall sensitivity of the screening 
set-in the 103 patients in all 4 groups was 71%. 


DISCUSSION 
Traditional diagnostic criteria for myocardial infarc- 
tion have been highly specific, but their low sensitivities 
have intensified the need to improve the ability of the 
electrocardiogram to identify infarcts in the different lo- 
tions of the left ventricle. Many studies have focused 
on the inferior infarct location. Hurd et al!® reported 
poor sensitivity (4 to 34%) by all 3 sets of traditionally 
strict electrocardiographic criteria that required both Q 
duration and amplitude components. Starr et al! devel- 
oped improved vectorcardiographic criteria and com- 
pared their performance with the commonly used elec- 
trocardiographic criteria: Q wave 230 ms in aVF alone 
-and the Q wave 230 ms in leads II, HI and aVF. The 
_ -vectorcardiographic criteria proved to be more sensitive 
(84%) than the Q wave in aVF alone (60%), or the Q 
wave in all 3 leads (28%). Subsequently, Warner et al* 
introduced new “contour criteria” based on the tempo- 
ral relationships between the QRS complexes recorded 
simultaneously in leads II and III. The sensitivity in- 
creased over that achieved by the aVF Q wave 230 ms 
alone from 59 to 93%. 
-The results of the present study parallel those of pre- 
vious reports. In the single inferior infarct group, the Q 
wave 230 ms in aVF was highly sensitive (90%). This 
gher sensitivity may be explained by the weakness of 
the method by which the previous studies defined inferi- 
infarction. The use of coronary angiography and left 
entriculography to identify patients with inferior in- 
has its limitations. Unlike the anatomic method, 
can neither definitively identify the inferiorly lo- 
farct nor exclude an infarct in other locations. 
ic studies!” demonstrated that akinesia or dys- 
is usually associated with some amount of fibro- 
sis but hypokinesia frequently is not associated with any 
fi brosis. -Conversely normally contracting walls may 
ntain as much as 25% fibrosis. These studies!4918,19 
y qualitative methods to define the various 
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study 3 is in ) progresas to ely their value for c 


degrees of wall motion abnormality, whereas the study: 
comparing anatomy and ventriculography!’ demon- 
strated better correlations using quantitative methods. : 
For the anterior infarct group, Starr et al? found low 
sensitivity (43%) using traditional electrocardiographic 
criteria. Warner et al> systematically analyzed a large 
number of variables and identified the V2 criterion of 
any Q wave or an initial R wave <20 ms as attaining 
highest sensitivity (83%). Hill et al!’ also reported ex- 
cellent sensitivities using either this same V> criterion or- 
the V, criterion of any Q or R wave <25 ms. oe, 
In the present study, the only criterion from the 
screening set met in the anterior infarct group was that. > 
of the Q or combined R amplitude and duration in Vz, 
which yielded 67% sensitivity. More lenient electrocar- 
diographic criteria probably accounted for the higher 
sensitivity reported in previous studies. In the present 
study, both R duration and amplitude limits must be 
met, and the R duration limit is tighter than that of 
Warner et al5 (<10 ms vs $20 ms). In considering the 
difficulty in manually differentiating 10 from 20 ms,an © | 
automated analysis system would be required to com- = 
pare sensitivities of these 2 anterior infarction screening i 
criteria. a 
No highly sensitive criterion has been developed to a 
diagnose posterolateral infarction, and it is unlikely that 
any will be identified because of the variable arterial 
supply of the posterolateral myocardium. Huey et al’? ` 
reported 21% sensitivity of the 240 ms R wave in V; or 
an R/S 21 in V, or V; in patients with infarcts in the 
left circumflex distribution. Perloff?! proposed consider- | 
ing slurs or notches following the peak of the R wave in 
Vi. Sclarovsky et al?? demonstrated that in consecutive 
patients with maximal ST-segment change appearing as 
depression in V>, and V, the typical subsequent change 
was Q-wave development in “lateral” leads. The present 
study clearly shows that none of the 3 screening criteria 
are sensitive in identifying a posterolateral infarct. This 
result is not surprising since this set of screening criteria 
was not developed from a population with posterolateral 
infarct location. Since the criteria that have recentl 
been added to the simplified Selvester scoring syst 
$0.3 mV in V; and <0.4 mV in Vz) have proved 
in estimating the. size of posterolateral infarcts 

























criteria could be developed. 
is study is the first to test a set of myocardial 
on screening criteria in-patients with multiple in- 
. Screening criteria could perform better for multi- 
_ ple than for single infarcts because >1 infarct is pres- 
‘ent, or poorer because of signal cancellation. Disappear- 
< ance of electrocardiographic patterns of prior anterior 
.... infarction as a result of acute inferior infarction!!! or 
"vice versa? has been reported. Such change was attrib- 
ted. to the loss of opposing electromotive forces in the 
egion of the more recent infarct. The pres- 
ent study shows that the set of screening criteria per- 
< forms just as well for multiple as it does for single in- 
-farcts. 
The frequently accepted and easy to apply aVF cri- 
-terion is exceptionally sensitive for screening for inferior 
infarct. Because no Q-wave criterion in any of the pre- 
-cordial leads is highly sensitive for anterior infarcts, 
some abnormal aspects of the V, R wave must also be 
considered for screening for this common location. Al- 
though much emphasis has been placed on the R wave 
_ duration, no “best definition” can be attained via man- 
. wal measurement. An R amplitude criterion may prove 
_ most useful for manual screening. Entirely new criteria 
will be required to screen for posterolateral infarcts. The 
addition of new criteria for the anterior and posterolat- 
eral locations may improve screening for infarcts in 
Itiple areas of the left ventricle as well. 
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Reperfusion therapy has been clearly shown to de- 
crease the early mortality after acute myocardial 
infarction, but the impact of this therapy on long- 
_ term survival has been less extensively evaluated. 
__ This study reports the extended follow-up of a 
large cohort of 810 patients treated with intrave- 
‘nous thrombolytic therapy combined, when consid- 
_ ered necessary to maintain or augment infarct ves- 
sel patency, with mechanical reperfusion therapies. 
Each patient underwent coronary angiography 
_ within 2 hours of the initiation of the thrombolytic 
infusion. Coronary angioplasty was performed in 
62% of the patients before hospital discharge and 
21% underwent coronary artery bypass graft sur- 
gery. Follow-up was obtained in 96% to a mean of 
.8 months (range, 1.5 to 48 months). All-cause 
mortality over this period was 3.3%; 2.1% died 
from cardiac causes. Nonfatal reinfarction occurred 
in 5.1%. Although the low event rate limits the va- 
lidity of statistical comparisons, the patients who 
survived the follow-up period tended to be younger 
(56 + 10 vs 65 + 7 years), to have better predis- 
charge left ventricular function (left ventricular 
ejection fraction, 52 + 11 vs 46 + 13%) and to 
have a lower prevalence of multivessel coronary ar- 
tery disease (45 vs 67%). This excellent long-term 
survival may, in part, reflect the exclusion of high- 
risk patients from enrollment in the Thrombolysis 
and Angioplasty in Myocardial Infarction (TAMI) 
studies. It may also be attributable, however, to the 
frequent use of combined thrombolysis and me- 
chanical revascularization in this population. 
o (Am J Cardiol 1990;66:796~801) 
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rate from acute myocardial infarction has de- 
creased progressively. This has been due, firstly, 
to the impact of cardiac monitoring and the rapid treat- 
ment of cardiac arrhythmias and, secondly, to the shift 
in emphasis from therapeutic strategies aiming to de- 
crease myocardial work and oxygen demand to thera- 


D uring the past 2 decades, the in-hospital mortality 


pies that actively restore myocardial oxygen supply. z 
Several randomized, controlled trials have reported. 30- 


day mortality rates ranging from 5.0 to 10.7%!" after 


reperfusion therapy. This compares with early fatality . 


rates of 16% for hospitalized men and 28% for women 


in the Framingham Study,’ a study performed before — 


the widespread use of antiplatelet and  6-adrenergic 


blocking therapy and before the use of thrombolytic 


therapy, direct coronary angioplasty and emergency 
coronary artery bypass graft surgery. 

Since January 1985, the Thrombolysis and Angio- 
plasty in Myocardial Infarction (TAMI) study group 


has evaluated myocardial reperfusion strategies using. 


intravenous thrombolysis and adjunctive medical thera- 
pies combined, when considered appropriate, with coro- 


nary angioplasty. The impact of these strategies on left. 


ventricular functional recovery and on in-hospital mor~ 


tality,°"!' and the 1-year outcome of the 386 patients in: = 


the first TAMI study’? have been previously reported, 


This study examines the clinical outcome over amore > 


extended follow-up period of the larger cohort of pa- 
tients enrolled in the first 4 TAMI studies. 


METHODS 

Patient selection: Between January 1985 and 
March 1988, 810 patients were enrolled in 4 phases of 
the TAMI study. The study protocols were similar for 
each phase and have been previously published.’~!! Pa- 
tients were eligible for enrollment if they presented 
within 6 hours of the onset of chest pain and had 20.1 
mV ST-segment elevation in =2 contiguous electrocar- 
diographic leads or ST-segment depression in the pre- 


cordial leads consistent with posterior wall infarction. = 


Patients were ineligible if they had contraindications to 


thrombolytic therapy, were 276 years of age, had a his- _ S 


tory of prior coronary artery bypass graft surgery or Q- 


wave myocardial infarction in the same territory as the 


acute. event or were in. cardiogenic shock (defined as a 


systolic blood pressure <85 mm Hg that was unrespon- 


sive to the administration of intravenous fluids). 





















ne Demographic and Angi oe 
g s of the ee Survivors with Complete 
jow-Up Data a= 727) 


Sex(%men) 82 













Age (yrs) 56+ 10 
“Risk factors (%) 
= “Diabetes mellitus 14% 
Systemic hypertension 40% 
Hyperlipidemia 12% 
Cigarette smoking 65% 
Vascular disease 
Cerebral 2% 
Peripheral 5% 
Time to therapy 1764 66 min 
infarct-related artery 
~ Left anterior descending 39% 
$ Right coronary artery 48% 
Left -circumflex 12% 
. Other 0.3% 
Actuite angiography 


51411% 
45% 


_ Left ventricular ejection fraction 
Multivessel disease 











Treatment regimen: The thrombolytic agents used 
“were recombinant tissue plasminogen activator (tPA) 
and urokinase, given alone or in combination.’-!° In 1 
phase, tPA was combined with intravenous prostacy- 

_ clin?" All patients received oral aspirin and intravenous 
heparin for 24 days after admission and the majority 
-received intravenous nitroglycerin and prophylactic in- 
ravenous lidocaine. Oral diltiazem and -adrenergic 
blocking agents were given as. clinically indicated for 
ypertension, arrhythmias or recurrent myocardial isch- 
emia. Cardiac catheterization was performed within 90 
- minutes of the initiation of the thrombolytic therapy to 
< document baseline global and regional left. ventricular 
. function and to determine the patency status of the 
infarct vessel. Rescue angioplasty was performed if 
the. infarct vessel remained occluded (Thrombolysis in 
Myocardial Infarction [TIMI] flow grade 0 or 1). Pa- 
tients with TIMI 2 or 3 flow in the infarct vessel and 
suitable anatomy were randomized in the first phase to 
either immediate or to deferred angioplasty of residual 
-infarct vessel stenoses. In subsequent phases, angio- 
plasty of the infarct vessel was performed acutely only if 
< it remained occluded 90 minutes after the initiation of 
< the thrombolytic therapy. Cardiac catheterization was 
‘repeated before hospital discharge to evaluate. changes 
-in global and regional left ventricular function and in- 
¿faret vessel patency. Coronary angioplasty.of residual 
stenoses in the infarct-related artery was performed at 
_ the time of the predischarge cardiac catheterization if 
‘submaximal exercise thallium testing showed evidence 
of reversible ischemia in the infarct territory and the 
‘coronary anatomy was deemed suitable for the proce- 
dure. Intercurrent coronary angiography was also per- 
_ formed for symptoms of recurrent myocardial ischemia 
_ or hemodynamic instability. Emergency coronary artery 
ss graft. surgery was performed for ongoing myo- 
ardial ischemia when the infarct vessel subserved a 
e myocardial territory and was either unsuitable for 
an eloplasty becansg a the ee of left 
















- ; Complete Follow-Up n 


“were men. Mean predischarge global left ventric 
o ee fraction was a 25% of the P ponent ha 








: TABLE i Predischarge Treatmer 







Thrombolytic agent : 
Tissue plasminogen activator 
Urokinase 
Tissue plasminogen activator + urokinase 
Predischarge coronary angioplasty 

















Acute 42% 
Emergency 8% 
Elective 25% 
Predischarge coronary artery bypass surgery 
Emergency 6% 
Urgent 6% 
Elective 10% 
Infarct vessel patency at discharge 
Patent (TIME 2,3) 63% 2 
Occiuded (TIMLO,1) 8% 
Surgically bypassed 22% 
Unknown 7% 
TIM} = Thrombolysis in Myocardial infarction trial. 















































main (or equivalent) coronary artery disease or extreme 
tortuosity or if patency of the infarct vessel could not be 
achieved and maintained after intravenous thrombolytic ` 
therapy and balloon dilatation.'3 Urgent coronary ar- 
tery graft surgery was performed for recurrent myocar- 
dial ischemia and elective surgery for provocable isch- 
emia when the coronary anatomy precluded coronary. 
angioplasty. 

Follow-up: Regular follow-up was performed afte 
hospital discharge by telephone and mailed question: 
naire. The events recorded included death, nonfata 
myocardial infarction, functional class (Canadian Hear 
Association Classification) and postdischarge coronary 
angioplasty or coronary artery bypass graft surgery. 
The timing and cause of death were determined when 
possible by examination of death certificates and report 
of postmortem studies. Events leading to rehospitaliza- 
tion were determined by the study nurse during follow- 
up contact and by examination of hospital records... 

Statistics: All values are quoted as mean + l stan- 
dard deviation unless otherwise stated. A Kaplan-Meier 
estimate was used to construct a curve of long-term out- 
of-hospital survival. Statistical comparisons of baseline 
characteristics and outcomes between groups were not 
made because of the low event rate and the observation- 
al nature of the data. 


RESULTS z 

Patient characteristics: Baseline characteristics o 
the patients surviving to hospital discharge are listed in 
Table I. The use of thrombolytic therapy, predischarge 
coronary angioplasty and bypass graft surgery, and the- 
patency status of the infarct-related artery are listed in 
Table II. Of the 810 patients, 757 were discharged from 
the hospital alive. Follow-up has been obtained on 727- 
(96%) of these to a mean of 18.8 months (25th, 75th 
percentiles; 13.3, 24.4 months). The age of the patient 
surviving to hospital discharge was 56 + 10 years; 82% 
















Survivors Survivors 
(n= 703) (n= 24) 


82 79 
56410 6547 


22% 20% 

63% 67% 

8% 0% 

7% 13% 

of diseased vessels (acute 
catheterization) 

Otol 55% 33% 

 2t03 45% 67% 
Predischarge left ventricular ejection fraction 52411% 464 13% 

TIML= Thrombolysis in Myocardial Infarction trial. 





tion fraction <43%. The infarct vessel was patent at 
harge or had been surgically bypassed in 85%, was 
occluded in 8% and its status was unknown in the re- 
maining 7%. 
- During the follow-up period, 24 deaths occurred. 
igure 1 shows the survival curve, projected to 2 years, 
f patients discharged from the hospital alive. The cause 


12 
Months 


i cy 

rent myocardial infarction occurr 

angioplasty was performed after 

7.4% and 5.4% underwent elective coronary 

pass graft surgery (Figure 2). Comparison of the pa 
tients surviving the follow-up period ‘with the non-su: 
vors (Table III) shows that there was no apparent di 
ference in sex distributions or infarct vessel paten 
status between the 2 groups. However, the non-survivors 


tended to be older, to have worse left ventricular func- 


tion and more extensive coronary artery disease. Sub- 


group analysis of out-of-hospital events according to the a 2 
patency status of the infarct-related artery is listed in _ 


Table IV. Surprisingly, no deaths were recorded in the ` 
group of 54 patients with non-patent infarct vessels. The 
mortality rate for patients with patent infarct vessels” 
was 3% and for those with unknown patency status was 

5%. 


DISCUSSION a k 
The principal finding of this study is that an aggres- 

sive strategy of early intravenous thrombolysis com 

bined with mechanical revascularization for residual 


FIGURE 1. Kaplan-Meier survival curve. 
for patients discharged from hospital alive 


(n = 787). 





FIGURE 2. Bar graphs showing in-hospi- i 
tal mortality for total population (n = Bak 


= 757). CABG =: 
graft; Mi = F 


+. 
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83 
56 + 10 


on Sex (%men) 
‘Age (yrs) 
Left ventricular ejection fraction 
Acute (%) 
Day 7 (%) 
Infarct zone regional wall motion 
Acute (SD / chord) 
Day 7 (SD/chord) 
Events after discharge (%) 
Death 
Nonfatal myocardialinfarction 
Coronary angioplasty 
Coronary artery bypass surgery 
Time to follow-up (months) l 
“mean + SD) : : 


5l411 
52411 


2.56 + 1.07 
212% 1.24 
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5549 54411 
55+10 49413 
52410 51414 
~2.59 + 1.00 2.364 1.21 
~2,69:+ 1.05 2.02 + 1.26 
0 5 
9 2 
6 7 
13 4 
2048 1847 





oe Spe standard deviation, 






~ recurrent myocardial ischemia was associated with ex- 
cellent long-term survival and a low incidence of late 
v recurrent ischemic events. A progressive decline in the 
incidence of death from coronary artery disease has 
_ been documented over the past 2 decades*'*!> and has 
been attributed to both the primary prevention of coro- 
nary artery disease and a decrease in periinfarction 
ortality.'* 15 Our results suggest that early reperfusion 
rapy has not only further decreased periinfarction 
lity but has also substantially improved long-term 
tinfarction survival. The patients in this study do 
represent a relatively low-risk cohort since elderly. pa- 
` tients, those in cardiogenic shock and patients present- 
: ing late after the onset of their symptoms were excluded 
from enrollment. Nonetheless, the out-of-hospital sur- 
~ vival of this TAMI population compares favorably with 
that of similar cohorts of patients treated with less ag- 
‘< gressive therapeutic regimens. 
Mortality after thrombolysis: Two. large, placebo- 
_ controlled thrombolytic trials have used conservative 
» postlytic strategies. In the Gruppo Italiano per lo Studio 
< della streptochinasi nell’infarto miocardico (GISSI) 
+ study,!6 streptokinase therapy was associated’ with a 
-10% decrease in cumulative 1-year mortality from 19.0 
‘to 17.2% (p = 0.008). The decrease in mortality was 
particularly striking for patients: treated within 1 hour 
of the onset of symptoms (12.9 vs 21.2%, p = 0.00001, 
relative risk = 0.6). A similar decrease in cumulative 2- 
year mortality was noted in each subgroup.of the second 
- International Study of Infarct Survival (ISIS-2),? from 
“19.0% inthe control group to 13.5% in the group receiv- 
ing streptokinase and aspirin. In both studies, the sur- 
vival. curve of the patients treated with thrombolytic 
_ therapy paralleled that of the respective control groups 
_ suggesting that the principal impact of thrombolytic 
_ therapy on survival occurred during the acute, hospital 
















bined pharmacologic and mechanical reperfu- 
In contrast to the above 2 trials i in which _ 












































phase coronary angiography and, in a large proportion 
of the patient population, urgent coronary angioplasty _ 
and/or coronary artery bypass surgery. Elective revas- 
cularization. procedures were also performed in a rela- | 
tively high proportion of the patients before hospital dis- 
charge. This strategy has the theoretical advantages of 
maximizing infarct. vessel patency and the extent of 
myocardial salvage, of decreasing the likelihood of in- 
farct vessel reocclusion and reinfarction, and of preserv: 
ing function of the non-infarct zone in patients with 
multivessel disease. Using this intensive revasculariza 
tion strategy, the out-of-hospital mortality in this stu 
was only 3.3% at a mean follow-up of 18.8 months, with 
a cardiovascular mortality of 2.1%. The incidence of 
nonfatal reinfarction was 5.1% which is comparable to 
that of other studies.'*'® Similar postlytic strategies 
were used by Stack? and Kander’? and their col- 
leagues. The 1-year survival was 94% in the former. 
study and, in the latter, the 2-year survival was 93.6% . 
and correlated with infarct vessel patency, left ventricu- 
lar ejection fraction and the absence of prior myocardial 
infarction. Comparable 1-year survival rates have also _ 
been reported after direct coronary angioplasty.?! 
Three randomized trials have directly compared an 
“invasive” postlytic revascularization strategy with 
a more conservative approach.’>’* Cumulative I-year _ 
mortality was 6.9% in the invasive group of the TIMI | 
2B study compared with 7.5% in the conservative 
group.” It should be noted, however, that elective reva 
cularization procedures were performed in a relatively 
high -proportion of the conservative strategy group 
(37%) during the follow-up period. Low 90-day mortali- 
ty rates have also been reported for both. groups of the | 
“Should We Intervene Following Thrombolysis?” trial 
(3.2 vs 4.8%).*3 Patients enrolled in this study were $70 
years old, presented within 3 hours of the onset of sym 
toms of their first myocardial infarction and required 
hours of clinical stability to be eligible for random 
tion. Thus, they also tepresent a a low-risk x papvlarion 
diff 





by emergency coronary artery bypass graft surgery. A 
long-term study of surgical reperfusion therapy for 
acute myocardial infarction was recently reported by 
DeWood et al. When compared with a similar group 
of patients treated with conventional medical therapy, 
the overall 13-year actuarial mortality rate was signifi- 
cantly decreased (27 vs 41%, p = 0.0007). 
Mechanisms of improved survival after reperfusion 
therapy: Several mechanisms are likely to contribute to 
the improved survival after reperfusion therapy. Paten- 
_ ey of the infarct-related artery has been associated with 
significant improvement in long-term survival even in 
the absence of an improvement in left ventricular func- 
~ tion.!9.26-28 Possible explanations for this observation in- 
clude a decreased incidence of left ventricular aneurysm 
formation independent of the extent of myocardial sal- 
vage,2? greater electrical stability of the injured myocar- 
dium,?°3! a decrease in left ventricular mural thrombus 


: formation>? and the provision of a conduit for later re- 


cruitment of a collateral vascular supply to the contra- 
< lateral myocardium. Somewhat surprisingly, in this 
study there were no deaths during the follow-up period 
-in the group of patients discharged from hospital with 
an occluded infarct vessel. In comparison, although they 
‘had significantly better regional infarct zone wall mo- 
‘tion and an improvement rather than deterioration in 
global left ventricular function, the group with patent 
infarct-related arteries had a 3% mortality. The cause of 
this discrepancy is unclear. One final mechanism should 
be considered. It has been suggested” that the improved 
out-of-hospital survival in patients treated aggressively 
_ may be due to the accelerated and premature death of 
high-risk patients before hospital discharge. In this 
study, however, the overall in-hospital mortality was 
only 6.5% which is comparable to that of other large 
thrombolytic trials including those with conservative 
postthrombolysis protocols. 
- Study limitations: All long-term follow-up studies 
„are limited by incomplete data collection and the possi- 
bility of underreporting of event rates during the follow- 
up period. The survival status of 30 patients of the origi- 
nal cohort discharged from hospital is unknown. Theo- 
-retically, therefore, the actual mortality rate could be 
as high as 7%. This problem is not unique to this study 
and the 96% follow-up obtained is comparable to that 
achieved in other large, multicenter studies. A second 
imitation is the absence of a control population that 
may have permitted more definite conclusions about the 
value of this therapeutic approach. Finally, conclusions 
awn from this study cannot be applied to the large 
proportion of the myocardial infarction population ex- 
cluded: from eligibility from this trial because of ad- 
need age, late presentation or contraindications to 
thrombolysis. Further systematic evaluation is required 
to better define optimal treatment strategies and the 
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The mechanisms responsible for inhomogeneous 
myocardial blood flow after oral administration of a 
large dose (300 mg) of dipyridamole were assessed 
in 27 patients with serial thallium-201 single-pho- 
_ ton emission computed tomography (SPECT) and 
simultaneous 2-dimensional echocardiograms. 
Myocardial tomographic images were obtained 50 
minutes and 3 to 4 hours after administration of di- 
_ pyridamole. Two-dimensional echocardiograms 
- were recorded at baseline and then every 15 min- 
for 60 minutes, Dipyridamole caused only a 
ild reduction in blood pressure (from 129 + 18 to 
26 + 16 mm Hg) and a mild increase in heart rate 
from 69 + 15 to 73 + 4 beats/min). 
‘a $bcteen patients had perfusion defects after di- 
pyridamole by SPECT, which underwent partial or 
total filling-in. Fourteen of these patients (87.5%) 
Me either a new abnormality or further deteriora- 
tion of a preexisting wall motion abnormality by 2- 
dimensional echocardiography, and thus were con- 
sidered to have developed transient ischemia during 
dipyridamole administration. Ten of 11 patients 
1%) with normal perfusion or fixed defects by 
ECT had no further deterioration in wall motion 
_ after oral dipyridamole, and were thus considered 
to have no evidence of myocardial ischemia. 
-In conclusion, most patients with transient thal- 
m-201 defects after dipyridamole develop tran- 
_ sient worsening of resting wall motion by 2-dimen- 
sional echocardiography, suggestive of true myo- 
dial ischemia. Because myocardial oxygen 
demand, as indicated by the heart rate—blood pres- 
sure product, did not change significantly, the 
mechanism of myocardial ischemia in these pa- 
tients is likely to be diminished regional blood flow 
related to a “subendocardial steal” induced by di- 
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hallium-201 myocardial imaging after exercise 

has been widely used in the detection of coronary 

artery disease. Dipyridamole has also been used 
in combination with thallium-201 imaging to uncover =, 
areas of myocardial hypoperfusion, as an alternative ap- 4 
proach to exercise stress.” Dipyridamole is a potent x 
vasodilator with relatively selective effects on the coro- 
nary resistance bed.’-!? During maximal pharmacologic 8 
coronary dilatation, coronary blood flow increases pre- 
dominantly in the normally perfused myocardial re- 
gions. Therefore, during pharmacologic hyperemia, nor- >; 
mally perfused myocardium will accumulate more thal- 
lium-201 than the myocardium supplied by stenotic 
arteries, which will show relative hypoperfusion. Al- 
though this hypoperfusion does not necessarily result 
from myocardial ischemia, many patients develop typi- 
cal anginal pain after dipyridamole, and some even de- 
velop ischemic electrocardiographic changes, raising the 
possibility that myocardial ischemia does indeed oc- .. 
cur.!3 This has been attributed to “myocardial steal.”"4 

To gain insight into the mechanisms of inhomogen- 

eous myocardial blood flow after dipyridamole adminis- 
tration, we performed serial thallium-201 single-photon 
emission computed tomography (SPECT) to evaluate  ” 
myocardial blood flow distribution, and simultaneous 2- 
dimensional echocardiography to ‘assess regional left 
ventricular wall motion. Transient wall motion abnor- 
malities induced by dipyridamole were considered to = 
represent segmental myocardial ischemia. Serial record- 
ings of heart rate and blood pressure were used to esti- 
mate changes in myocardial oxygen demand. 











METHODS 

Twenty-seven patients with angina pectoris under-.. 
went thallium-201 SPECT and simultaneous 2-dimen- 
sional echocardiography after orally administered dipy- 
tidamole. All patients had a history of stable, exertional 
angina and 14 patients had a history of remote myocar- 
dial infarction. Nineteen of 27 patients (70%) were tak- 
ing cardiac medications: 4 were taking 8 blockers, 13 _ 
were taking calcium channel antagonists, and 16 
taking iong-acting nitrates. None of the | 
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rea stenosis was defined as 270% narrowing in 
21 of the major epicardial coronary arteries. 
Study protocol: Patients fasted on the day of the 
_ Study, receiving only their medications with sips of wa- 
ter. An intravenous infusion of 5% glucose in water was 
administered through an arm vein. Twelve-lead electro- 
_ cardiograms, blood pressures and heart rates were re- 
_ corded at baseline and then every 15 minutes for 1 hour. 
All patients received 300 mg of dipyridamole tablets, 
which had been crushed and mixed with 100 ml of wa- 
_ ter immediately before ingestion. The patients then rest- 
ed in the laboratory under constant supervision for 40 
minutes, followed by ambulation about the room for 5 
minutes, Three millicuries of thallium-201 were injected 
through the venous cannula and flushed with the 5% 
_ glucose solution. Two-dimensional echocardiograms 
_ were recorded at baseline, before dipyridamole adminis- 
_ tration, and every 15 minutes for 1 hour after dipyrida- 
~ mole. Aminophyiline (50 to 150 mg) was administered 
intravenously in patients who developed angina after di- 
` pyridamole, but only after 25 minutes had elapsed 
since the thallium injection and after the 2-dimensional 
_ echocardiographic images had been completed, 
_ SPECT imaging: SPECT was performed using a ro- 
_ tating gamma camera (ADAC ARC-3000) with a low- 
energy, high-resolution, parallel-hole collimator inter- 
faced to a computer (ADAC 3300), as previously re- 
_ ported from our laboratory.4!5 Imaging commenced 5 
_ minutes after the thallium-201 injection. An arc of 180° 
was used, spanning from the 45° left posterior oblique 
< projection to the 45° right anterior oblique position. 
‘The images were acquired at 6° intervals for 40 seconds 
per image on a 64 X 64 X 8 byte matrix. Delayed “re- 
distribution” images were obtained 3 to 4 hours later. 
Transaxial reconstruction was done using a standard 
back projection technique with a Butterworth (order:5) 
filter and a 50% cutoff applied to the images. Recon- 
structed tomographic slices were reoriented in the short, 
horizontal long, and vertical long axes, and displayed 
„sequentially on a large color oscilloscope for visual inter- 
‘pretation. 
Interpretation of thallium-201 SPECT images: The 
myocardial segments were visually analyzed in the 
‘short, horizontal long and vertical long axes. These seg- 
ments were matched according to the coronary artery 
-distribution as follows: septal and anterior segments cor- 
_Tesponded to the left anterior descending artery; inferior 
and posterior segments to the right coronary artery; and 
lateral segments to the circumflex artery. The apex did 
not define any particular vessel distribution. 
-sAn image was considered abnormal if there was a 
decrease, by visual inspection, of thallium-201 uptake in 
any of the segments listed previously. The presence or 
absence of redistribution was noted. Tomographic im- 
; interpreted by consensus of 3 investigators 
no knowledge of the coronary arteriographic 












g was expressed as percent area stenosis, deter- 
rom caliper measurements of traced coronary _ 
silhouettes in 2 orthogonal projections. Signifi- — 


















enced echocardiographer in the standard paras 
long, short-axis and apical 2 and 4 chamber views 
the patient in the left lateral decubitus position. The 
timal echocardiographic windows were marked on th 
patient’s chest and subsequent echocardiograms wer 
repeated from these positions every 15 minutes for 1 
hour and at the onset of chest pain. The images were 
stored on videotape (VHS format, 1⁄4”) for subsequent 
analysis. en 
Selected echocardiographic images were digitized in 
an off-line analysis station (Microsonics CAD 886AT) 
and displayed on a 4-quadrant screen, using a continu- 
ous cine loop format. The loop consisted of 16 frames ato 
33-ms intervals which could be played continuously at 
varying playback speeds. The resting image was dis- 
played in the left upper quadrant, and the 15-minute 
image in the right upper quadrant. The subsequent im- 
ages were placed in the left and right lower quadrants. — 
For each time sequence, the physician reviewed the vid- 
eotape and selected a single high-quality cardiac cycle 
from each view for storage in digital format. The proce- 
dure was repeated for each view. : 
The images were interpreted by an experienced 
echocardiographer unaware of the patient’s clinical his- 
tory, coronary anatomy or the dipyridamole thallium- — 
201 SPECT imaging results. Side-by-side comparison — 
of baseline and subsequent images allowed detection of — 
subtle wall motion abnormalities. The free wall of the 
left ventricle was divided into anterior, lateral, posterior _ 
and inferior walls, and the septum into inferior and an- 
terior segments. Each of the walls and the septum were - 
subdivided into basilar, mid- and apical segments. Each. 
segment was graded as normal, hypokinetic, akinetic or 
dyskinetic using previously validated criteria.!6 Develop- 
ment of a new wall motion abnormality was defined as 
ischemia, worsening of a wall motion abnormality pres- 
ent at baseline was considered ischemia plus scar, and 
abnormal wall motion at baseline that did not change 
further during dipyridamole was considered scar. Me 
Statistical analysis: Changes in blood pressure and __ 
heart rate were analyzed by paired ¢ tests. A p value 
<0.05 was considered significant. Data are expressed as __ 
mean + standard deviation. y 

























































RESULTS oe 
Coronary angiography: All patients were studied 
because of angina pectoris. One-vessel coronary disease 
was present in 15 of the 23 patients who had coronary 
angiography (65%) and involved the right coronary ar- 
tery in 7 cases, the left anterior descending in 6 cases, 
and the left circumflex artery in 2 cases. Two-vessel dis- 
ease involving the left anterior descending and the right 
coronary arteries occurred in 3 patients, and 3-vessel _ 

disease in 4 patients. One patient had insignificant coro- 

nary stenoses. oe 
Hemodynamic effects of dipyridamole: Dipyri 
mole caused only a slight decrease in blood pressur. 
from 129 + 18 to 126 + 16 mm Hg (difference n 
significant), and a minimal increase in heart rate, fi 
3 + 11 beats/min (difference not 
cardial oxygen demand, as inferred 
da o 
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2:D = two-dimensional; | = ischemia, | + S = ischemia and scar, $ = scar. 


Thallium-201 SPECT: Twenty patients (74%) had 
ormal perfusion scans. Perfusion defects were totally 
eversible in 7 patients, partially reversible in 9 patients 
and fixed in 4 patients. 

_ Relation between perfusion defects and occurrence 
_ of angina and electrocardiographic changes after dipy- 
ridamole: Angina occurred in 10 patients after dipyrid- 
amole administration. Eight of the 10 patients with 
chest pain had a reversible perfusion defect, 1 had a 
fixed defect and another had no perfusion defects by 








— ening of a preexisting wall motion abnormality, 








o CO MROLSPECT. 
: Defect KREE UT 
Case i Affected Walls Type Affected Walls. i 
ook Septal i Anterior ni 
2 inferior / posterior l inferior /distal septal IFS: 
3 Septal /apical 1 Anterior /lateral /septal / apical lS 
4 inferior /posterior j inferior / posterior EES 
| Anteroseptal | Normal 
6 inferior /posterior /lateral | inferior 145 
EZ Inferior / posterior i inferior / septal L+S 
8 Inferior /posterior / lateral I+S Posterior j 
pesi Q Anterior /lateral / septal 1+S Diffuse 14S 
ee LO Septal /apical I+$ Septal / apical S 
11 Inferior / posterior L+S Inferior / posterior L+S 
ieee V inferior / posterior 1+S inferior / posterior S 
eae) inferior / posterior / apical /lateral +S Inferior /posterior /lateral ES 
14 Anterior /septal /apical 145 Inferior S 
oS Inferior / posterior 14S Inferior /posterior +S 
16 Inferior /posterior /lateral L+S Inferior / posterior /lateral 1+S 
Sa yi Inferior / posterior $ Inferior / posterior S 
18 Apical S Normal 
“19 Apical 5 Anterior /lateral /apical S 
20. Inferior /posterior S Inferior / posterior $ 
“21 Normal Normal 
22 ‘ Normal Normal 
23 Normal Normal 
24 Normal Normal 
25 Normal Normal 
26: Normal Normal 
27 Normal Inferior / posterior 





thallium SPECT imaging. Six patients had electrocar- `- 
diographic changes suggestive of myocardial ischemia Oe 
(21 mm horizontal or downsloping ST-segment depres- 
sion, measured at 0.08 second after the J point). Five of = 
these patients demonstrated reversible perfusion defects, __ 
and 1 patient had a fixed perfusion defect. Ne 
Comparison of thallium-201 SPECT with two-di- 
mensional echocardiography: The perfusion defects ob- 
served with thallium-201 SPECT and the wall motion 
abnormalities by 2-dimensional echocardiography al- __ 
ways involved myocardial segments in the same vascu- a 
lar distribution, except in the few cases detailed later 
(Table I). All 7 patients who demonstrated totally re- 
versible defects by SPECT also had evidence of isch- 
emia by echocardiography (Figure 1). Three patients 
had a new wall motion abnormality, and 4 had worsen- `. 
ing of a preexisting resting wall motion abnormality. An 
example of a patient with reversible perfusion and wall 
motion abnormalities is shown in Figure 2. Of the 9 > 
patients who demonstrated partially reversible perfusion : 
defects, 1 had a new wall motion abnormality, 6 had 
worsening of a preexisting wall motion abnormality and 
2 had a segmental wall motion abnormality at rest that 
was unchanged after dipyridamole. Of the 4 patients _ 
with fixed defects by SPECT, 2 had a baseline wall mo- _ 
tion abnormality that remained unchanged, | had wors- 





‘itical coronary disease. One. patient with “normal gi 


SPE "images had a baseline posterior wall abnormali- _ 
echocardiography that remained unchanged after . 
idamole. This patient had a 90% stenosis of the 


_ distal right coronary artery. 

Thus, a total of 16 patients had perfusion abnormal- 

ities by SPECT imaging that demonstrated partial 

or complete redistribution. Fourteen of these patients 

(87.5%) had evidence of ischemia defined as a new wall 

motion abnormality or worsening of resting wall motion 
abnormality by echocardiography. 


‘DISCUSSION 
| Frequency of myocardial ischemia after dipyrida- 
mole: To demonstrate whether myocardial ischemia oc- 
curs in association with perfusion defects induced by di- 
. pyridamole, we performed thallium-201 SPECT and 
2-dimensional echocardiography in 27 patients with an- 


els of dipyridamole after intravenous or oral administra 
tion? Furthermore, our own previous experience with 
TI-201 SPECT during oral dipyridamole administration. 
has shown excellent sensitivity and specificity in the di- 
agnosis of coronary artery disease.‘ In the present inves- 
tigation, we observed new or worsening of preexisting 
regional wall motion abnormalities in 14 of 16 patients 
with partially or totally reversible perfusion defects. © 
Thus, myocardial ischemia occurred in most (87.5%) of 
the patients with reversible perfusion defects by thalli- 
um-201 SPECT. Further corroborative evidence indi- 
cating the presence of myocardial ischemia was the de- 
velopment of typical angina after dipyridamole in 10 
patients, 8 of whom had reversible perfusion defects and 
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emia induced by dipyridamole: Dipyridamole is a po- 
ent coronary vasodilator that significantly increases 
blood flow to myocardium perfused by normal coronary 
irteries.8-!2.18 The flow increase is considerably less in 
ie vascular bed of a stenosed artery, resulting in areas 
heterogeneous myocardial thallium-201 uptake, thus 
allowing identification of coronary artery disease. 

~ Because myocardial oxygen demand, estimated from 
the heart rate-systolic blood pressure product, did not 
change significantly in our patients, the mechanism of 
ischemia was most likely a redistribution of blood flow, 
“with a decrease in subendocardial perfusion.!7-"? 

- The finding of frequent reversible wall motion ab- 
normalities induced by dipyridamole strongly supports 
segmental myocardial ischemia as an important factor 
in the genesis of perfusion defects after dipyridamole. 
“Previous studies with dipyridamole and echocardi- 
ography: Recent studies?! using echocardiography 
have also demonstrated wall motion abnormalities after 
ravenous infusion of dipyridamole, with a sensitivity 
r detecting coronary artery disease ranging from 50 to 
0%. Although these studies have not included assess- 
t of myocardial perfusion, their findings support the 
concept of ischemia produced by a steal phenomenon. 
Recently, Labovitz et al” performed Doppler and 2- 
mensional echocardiography in patients undergoing 
planar thallium-201 scintigraphy after intravenous di- 
pyridamole administration. They observed good agree- 
“ment between perfusion and wall motion in normal 
‘or abnormal segments, although they did not report 
whether these abnormalities were reversible. Thus, these 
vestigators did not address the issue of mechanisms of 
the perfusion defects. 

Study limitations: Several limitations exist in our in- 
vestigation. The number of patients studied was rela- 
tively small and the interpretation of both the echocar- 
ograms and SPECT images was qualitative. This type 
of analysis, however, is still the most frequently used in 
most centers across the country. The techniques em- 
ployed to assess coronary blood flow distribution and 
regional ventricular function do not have perfect sensi- 
tivity, and it is possible that small areas with either per- 
fusion or wall motion abnormality were missed. None- 
theless, this possibility does not invalidate our findings. 
In fact, the good correlation observed between the seg- 
ents with reversible hypoperfusion and wall motion 
bnormalities lends support to the concept that both are 
inically useful techniques to assess the effects of dipy- 
amole on coronary circulation. 
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< This study examined the implications of left ventric- 
ular (LV) dilatation and increased pulmonary thalli- 
um uptake during adenosine-induced coronary hy- 
peremia. The lung-to-heart thallium ratio in the ini- 
<: tial images was significantly higher in patients with 
coronary artery disease (CAD) than normal sub- 

- jects; 0.48 + 0.16 in 3-vessel disease (n = 16), 
0.43 + 0.10 in 2-vessel disease (n = 20), 0.43 + 
0.08 in 1-vessel disease (n = 16) and 0.36 + 0.05 
in normal subjects (n = 7) (p <0.001, 0.09 and 

0.06, respectively). There was a significant correla- 
tion between the severity and the extent of the per- 

_» fusion abnormality (determined from the polar 

maps) and the lung-to-heart thallium ratio (r = 

KE 0.51 and 0.52, respectively, p <0.0002). There 

M as also a significant correlation between lung 

washout and lung-to-heart thallium ratio (r 

O= 0.42, p = 0.0009) and peak heart rate (r = 
-<=0.49, p <0.0001). The LV dilatation was mostly 
- due to an increase in cavity dimension (30% in- 

“erease) and to a lesser extent (6% increase) due to 
increase in LV size. (The cavity dimensions were 
measured from the short-axis slices at the midven- 

© tricular level in the initial and delayed images.) The 
dilation was seen in patients with CAD but not in 
the normal subjects. These changes correlated with 
_ the extent and severity of the thallium perfusion 
abnormality. Thus, adenosine-induced coronary hy- 
peremia may cause LV dilation and increased lung 
_' thallium uptake on the basis of subendocardial 
<, ischemia. 
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hallium-201 myocardial imaging during coronary 
l vasodilatation with dipyridamole has been exten- 
sively investigated. The results have proven to be 
of value in the diagnosis of coronary artery disease — 
(CAD) and in risk stratification. * We and others have 
recently described the use of thallium-201 imaging dur- 
ing coronary vasodilatation with adenosine; a very short © 
acting (half-life <10 seconds) powerful coronary vaso- 
dilator.>- l 
Previous studies have shown that increased pulmo- 
nary thallium uptake and left ventricular (LV) dilation 
during exercise are markers of extensive CAD. U The 
purposes of this study were, therefore, to examine the- 
implications of increased pulmonary thallium uptake 
and LV dilatation during adenosine thallium studies.” | 


METHODS 
Patient population: There were 59 patients in. ak 
study, 7 with normal coronary angiograms, and 52 with 
CAD defined as 250% diameter stenosis of 21 major 
coronary artery. All patients were being evaluated for 
chest pain, and both the coronary angiographic and — 
adenosine thallium studies were done within | month of ` 
each other. All patients signed a consent form approved 
by the institutional review board of the medical center, 
The protocol and the results of the imaging have previ- 
ously been published and will be summarized below) 
Based on the results of coronary angiography, 16 pa- 
tients had |-vessel disease, 20 patients had 2-vessel:dis= 
ease and 16 patients had 3-vessel disease. The pertinent 
demographic data in these patients are listed in Table I. 
No patient had actue myocardial infarction within to 
week, rest angina pectoris or active bronchospastic dis- 
order and none were on theophylline-containing medica- ; 
tions. ' 
Adenosine protocol: Antianginal medications were 
withheld on the morning of the test. Intravenous infus- 
sion of adenosine (Adenoscan™ Medco Research, Inc.) 
was initiated at a dose of 0.14 mg/kg/min using an in- 
fusion pump and continued for a total of 6 minutes. At. 
the end of the third minute of infusion, a dose of 3.5 
mCi thallium-201 was injected intravenously. The heart 
rate, blood pressure and electrocardiogram were record- 
ed at baseline and during each minute of infusion and 
for. 5 minutes during recovery. Thallium images 
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'Qwave myocardial infarction 22 (37%) 
Medications 
Nitrates 36 (61%) 
B blockers 21 (36%) 
Calcium antagonists 37 (63%) 
Chest pain during test 21 (36%) 
ST depression during 5 (8%) 
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- Single-photon emission computed tomography with 
thallium-201: Our method for SPECT thallium studies 
has previously been described. 12 [mages are acquired 
using a circular orbit over 180° arc starting at the 45° 
right anterior oblique projection and ending at the 45° 
` left posterior oblique projection. Each of 32 projections 
are acquired using a 64 X 64 matrix at 40 seconds/ 
image. Each projection is corrected for nonuniformity 
using a 30 million count Co-57 flood. Standard filtered- 
back projection technique is applied using a Ramp- 
Hanning filter with a cutoff frequency of 0.83 cycles/ 
cm to generate transaxial slices. No scatter or attenua- 
ion correction is used. From these transaxial images, 
e long axis of the left ventricle is identified and the 
oblique angle images are generated in the short-axis, 
vertical long-axis and horizontal long-axis orientations. 

Maximal counts circumferential profiles are gener- 
on each of the short-axis slices in forty 9° arcs and 
ging from apex to base.'? These count profiles are 
then interpolated to the equivalent of 15 slices and 
stored in two 15 X 40 arrays, 1 for the stress and | for 
the delayed distribution. For display purposes, these ar- 
rays are then transformed into polar plot known as the 
“raw bull’s-eye map.” In order to identify stress perfu- 
- gion defects objectively, each patient’s profiles are com- 
` pared to gender-matched normal files developed from 
¿the low likelihood of CAD. Previously, it was estab- 
lished that profile curves representing 2.5 standard devi- 














points E 
‘identified as the 


these abnormal points are rmi po 
nates and plotted i ina blacked out ba s-eye 
the black region within the bull’s-eye plot defines. th 
extent of the stress perfusion abnormality.'? ee 

The extent of the perfusion abnormality is estimated 
as the percentage of the total area and the severity score 
was derived from the extent and the number of stan- 
dard deviations below the mean normal for each point 
within the abnormal area. 

Pulmonary thallium uptake: Two regions of interest 
were drawn, 1 over the left lung, and the second over 
the LV myocardium in the anterior projection using a 
40-secend acquisition frame. Count densities were de- 
rived in both initial and 4-hour delayed images. The 
lung-to-heart thallium uptake ratio was measured from 
the initial images and the lung thallium washout was 
expressed as (initial lung counts — delayed counts)/ini-. 
tial counts X 100 (Figure 1). 

Left ventricular dilatation: For the purpose of this 
analysis, a short-axis slice at the mid-LV level was used 
in both initial and delayed images. The diameter of the 
LV cavity was measured by a caliber as the distance 
between the inner borders of the myocardium. The total 
LV diameter was measured as the distance between the 
outer borders of the LV myocardium. The area of the 
LV cawity and the total LV area (which includes the 
cavity plus the myocardium) were measured assuming 
that both areas are circular in shape (Area = r X [di- 
ameter /2]*). l 

The reasons for these measurements were based on 
the assumption that changes in LV cavity size may be 
due to either myocardial thinning due to subendocardial 
ischemia or due to increase in LV size. Special care was 
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taken to obtain the measurements at identical slices in 
the initial and delayed images (Figure 2). Changes in 
LV cavity and total area were expressed as (initial area 
— delayed area)/delayed area X 100. The intra- 
observer variability in measuring the LV dimension, 
myocardial and pulmonary thallium uptake was small; r 
= 0.93, 0.99 and 0.82, respectively (p <0.0001, n = 20). 

Statistical analysis: Data are presented as mean + 
standard deviation (SD) when appropriate. The chi- 
square and Student’s ¢ test were used for comparison. 
Linear regression analysis was used to estimate the rela- 
tive agreement between 2 variables. A probability value 
<0.05 was considered statistically significant. 


RESULTS 

Hemodynamic responses: The heart rate increased 
from a mean of 68 + 2 beats/min at baseline to 87 + 
18 beats/min at peak infusion (p <0.0001). There was 
a slight but significant increase in double product dur- 
ing adenosine infusion (9.2 vs 12.0 X 10° beats/min - 
mm Hg, p <0.0001). 

Side effects: These have been detailed elsewhere.> In 
general, side effects were transient and of mild nature. 
In only 3 patients, termination of adenosine infusion or 
treatment with aminophylline were necessary. The side 
effects included headaches, flushing, chest pains and 
nausea. 

There was a slight but significant increase in the PR 
interval from 0.17 + 0.02 to 0.19 + 0.03 second during 
adenosine infusion (p <0.001); 8 patients developed 
first-degree atrioventricular block but none had second- 
or third-degree block. 

Results of adenosine single-photon emission com- 
puted tomography thallium-201 imaging: The sensitiv- 
ity and specificity were 94 and 100%, respectively. 
Thus, the images were normal in the 7 patients with 
normal coronary angiograms and were abnormal in 49 
of the 52 patients with CAD (Figure 3). These results 
were previously reported.® Only 1 of the 60 original pa- 
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FIGURE 3. Initial and delayed single pho- 
emission 


involving the septum and inferior wall with 
left ventricular dilation (fop panel). 


tients was not included in this analysis because the de- 
layed images were deleted from our databank. The se- 
verity thallium score was 125 + 126 in normal subjects 
and 552 + 460 in patients with CAD (p <0.001) and 
the extent score was 5.6 + 5.3% in normal subjects and 
17.4 + 10.5% in patients with CAD (p <0.005). 

Pulmonary thallium uptake: The initial lung-to- 
heart thallium ratio was significantly higher in patients 
with CAD than normal subjects; 0.48 + 0.16 in 3-vessel 
disease, 0.43 + 0.10 in 2-vessel disease, 0.43 + 0.08 in 
1-vessel disease and 0.36 + 0.05 in normal subjects (p 
<0.001, 0.09 and 0.06, respectively). The lung-to-heart 
ratio in this study was lower than that reported by oth- 
ers using exercise studies.!2 We, however, used SPECT 
rather than planar imaging and adenosine rather than 
exercise. 

There was a significant correlation between the thal- 
lium severity and extent scores and the initial lung-to- 
heart thallium ratio (r = 0.51, and 0.52, respectively, p 
<0.0001, Figure 4). 

The lung thallium washout was 27 + 9% in normal 
subjects and 29 + 9% in patients with CAD. There was 
a significant correlation between the lung thallium 
washout and the lung-to-heart thallium ratio (r = 0.42, 
p <0.0009) and with the peak heart rate (r = —0.49, p 
<0.0001, Figure 5). The patients with CAD and in- 
creased lung thallium uptake (>1 SD above the mean 
in normal subjects; n = 28), had larger thallium extent 
score (21 + 10 vs 14 + 10%, p <0.01) and thallium 
severity score (687 + 436 vs 410 + 442, p <0.03) than 
the remaining patients with normal lung thallium up- 
take. 

Left ventricular dilatation: In patients with CAD, 
there was a significant increase in the initial, compared 
to the delayed total LV size (38 + 13 vs 36 + 11 cm?, p 
<0.003) and inner cavity area (7 + 5 vs 5 + 4 cm’, p 
<0.0001). The percent change in inner cavity area was 
more than the percent change in total area (30 vs 6%, p 
<0.0001). In contrast, in normal subjects, there were no 
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ent score rt = 0.61 for total area, 
> 0. 66 for cavity size, p <0.0001 oe and be- 


he main conclusions of this study are: first, 
creased lung thallium uptake may be seen in ee 
CAD during adenosine-induced hyperemia; the up- 
take i 48 related to the extent of the thallium abnormality; 
d second, LV dilatation during adenosine-induced 
coronary hyperemia is mostly due to myocardial thin- 
ning and subendocardial ischemia resulting in an in- 
crease in the cavity size with little change in the total 
‘LV size. The correlation between thallium extent score 
ind lung-to-heart ratio is not a very strong one. A possi- 
ble explanation is that the score represents scar and 
ischemia; it may be that having scar would not increase 
he LV filling pressure consequent to adenosine infu- 


We have oe eae that most perfus yn n defe ts 
ing adenosine or dipyridamole-induced coronary V 
latation reflect heterogeneity. in regional coronary blood 
flow. S14 

Consistent with this hypothesis is the low prevalence 


of ST-segment depression and regional wall motion ab-. = 


normality. If, however, ischemia is not indeed present, 


then why should patients with CAD have increased lung Le 
thallium uptake? The answer may be that perfusion de- 


fects may represent ischemia that is subendocardial in- 
location and therefore not easily detected.. The ischemia 
may be explained by a modest increase in demand, 
transmural coronary steal, and intracoronary steal 
The failure to detect wall motion abnormalities may. be : 
related to the fact that a given thickness of the myocar- 
dium needs to be involved before wall motion abnormal- 
ity can be detected. Alternatively, it is possible that vi- 
sual assessment of wall motion abnormality may not be: 
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yf wall motion abnormality during dipyridamole 
echocardiographic studies. The dose of dipyridamole 
sed by these investigators is, however, roughly 50% 
higher than the conventional dose and it is not clear 
_ whether wall motion abnormality and hence coronary 
= steal is dose-dependent. 

Consistent with the possibility of subendocardial 

‘ischemia is the mode of LV dilatation which, as de- 
~ geribed in this study, reflects myocardial thinning rather 

/ than true increase in LV dimension as seen during exer- 

“gise studies, which is due to‘the use of the Frank- 

_ Starling mechanism. One should note, however, that 

“SPECT images take approximately 25 to. 30 minutes to 

“complete from the time of adenosine injection and it is 
possible that true dilatation may have occurred but was 
transient and resolved by the time the images were com- 
pleted.'* 

Both increased lung thallium uptake and LV dilata- 
-tion similar to our results have been described by others 
‘using dipyridamole imaging.™!! However, our report is 
the first to describe these changes using adenosine as a 
coronary vasodilator. In our study, as with previous ex- 
ercise studies, the increased lung thallium uptake and 
the LV dilatation were associated with more extensive 
thallium perfusion abnormalities. 

The thallium washout rate during adenosine-induced 
coronary vasodilatation was consistent with previous 
tudies. The washout rate is lower than that seen during 
xercise studies.' As shown in Figure 5, there is consid- 
erable overlap between lung-to-heart ratio and lung 
` thallium washout, which suggests that the washout rate 
is nota clinically useful index. 

CSu As with exercise, the lung thallium uptake showed 
inverse relation to peak heart rate; a slower heart rate 
increases the extraction fraction across the pulmonary 
parenchyma.!? 

We selected patients with angiographic documenta- 

tion of coronary disease and used SPECT imaging on 
all patients. The lung uptake was defined from regions 
 -of interest over the lung and the heart, and the LV size 
< was assessed by a caliber from the short axis slice at the 
~~ mid-LV level, 1 experienced observer did all measure- 

-ments and the reproducibility data were quite good. Fi- 
‘nally, the thallium abnormality was assessed quantita- 
tively using an automated method based on polar map 

analysis. However, it is possible that LV dilatation may 

_ not be homogeneous and thus may not be reflected at 

the midlevel, and further studies with 3-dimensional 
quantitation may allow a better assessment of the vol- 
ume changes. 

Our imaging technique, as with other noninvasive 
techniques, does not allow detection of transmural 
_ changes in flow, and therefore our hypothesis about 

_ subendocardial ischemia must remain speculative, but is 
supported by. prior animal experiments showing preser- 
vation of the reserve mechanism in the subepicardial, 























icano et ot 62 i7 oonsciendy reported higher prev- a severe coronary sienose 
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Finally 
the variables of the lung-to-heart 
score and change in LV cavity dimension might be th 
best correlate of ultimate prognosis, This, however, 
quires further studies. 
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'o examine the time-course and potential predic- 
tors of prolongation of ventricular repolarization 
with the calcium antagonist bepridil, the effects of 
bepridil (300 to 500 mg/day; n = 45) and diltiazem 
(180 to 300 mg/day; a = 42) on QT and QTc inter- 
val duration were analyzed in a randomized dania 
blind study in patients with angina pectoris. Elec 
trocardiograms were recorded before and 14, 28, 
0 and 112 days after treatment was begun. After 
4 days, bepridil prolonged QT interval by 26 + 35 
is (range, —60 to 120 ms) and QTc (Bazett’s for- 
mula) by 17 + 33 ms (range, -73 to 107 ms) com- 
pared to baseline (both p <0.05). QT or QTc did not 
significantly increase thereafter. However, among 
the 30 patients who had <40 ms QTc prolongation 
day 14 compared with baseline, 13 (43%) ex- 
ceeded this limit on at least 1 of the following visits. 
Diltiazem did not significantly alter QT or QTc in- 
tervals. The absolute change in QTc interval from 
baseline observed after 14 days of bepridil therapy 
was inversely proportional to the baseline QTc in- 
terval (r = —0.68; n = 42; p <0.001). The degree 
of bepridil-induced QTc prolongation on day 14 
correlated with pretreatment RR interval (r = 0.36; 
‘n= 42; p <0.02). In conclusion, chronic adminis- 

_ ‘tration of bepridil but not of diltiazem prolongs ven- 
tricular repolarization in patients with angina pec- 
toris. The overall effects of bepridil therapy on QT 
and QTc intervals can be assessed by an electro- 
diogram recorded after 14 days of treatment 
subsequent measurements may be required in 
vidual patients. A short baseline QTc interval 
and a slow initial heart rate may be potentially use- 
| predictors of a greater QTc prolongation with 
bepridil. 
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E- [(2-methylpropoxy) - methyl] -N - phenyl-N- 

(phenylmethyi)-1-pyrrolidine-ethanamine mono- 
hydrochloride monohydrate, is a new investigational 
drug inthe United States but has been available for.the 
treatment of angina pectoris in Europe since 1981. In 
addition to its calcium channel blocking properties in 
cardiac and vascular tissues,’ bepridil inhibits the fast 
sodium channel? and prolongs action potential dura- 
tion’ in cardiac cells. In humans these electrophysiolog- 
ic properties are associated with beneficial effects of c 
bepridil therapy in patients with angina pectoris anda > 
potential usefulness in the treatment of ventricular and 
supraventricular arrhythmias.° * ne 

Major concern arose about bepridil with the report 
of cases of torsades de pointes occurring during its ad- 
ministration.?:'° Although the frequency of this arrhyth- =.. 
mia is considered to be rare in view of the large use of © 
the drug in Europe, it remains a qualitatively major ad- 
verse effect due to its potential lethality. In most pa- 
tients, excessive prolongation of the QT interval is re- >. 
quired for classic torsades de pointes to occur.!! How- 
ever, some degree of QT interval prolongation is a 
normal electrocardiographic feature during bepridil 
therapy*’ and during administration of any drug with 
Vaughan-Williams class IH activity.'* There is unfortu- 
nately no means to predict those individuals at risk of. 
excessive QT prolongation during administration of a... | 
drug with class III activity. Some insight might be =” 
gained by analyzing the dynamics of QT prolongation -< 
(i.e., its time course and its relation to heart rate and 
baseline characteristics) during treatment with a QT- 
prolonging drug. 

The multicenter bepridil-diltiazem study was a 
prospective, randomized, double-blind, parallel-groups 
study designed to assess the tolerance and persistent 
antianginal efficacy of these 2 calcium channel antago- 
nists during a 4-month administration in patients with 
stable angina pectoris. We now report an ancillary 
study whose objective was to analyze the dynamics of - 
the effects of bepridil and diltiazem on ventricular re- 
polarization. me 


T: calcium antagonist bepridil hydrochloride, 








METHODS oe 

Patients and treatments: Patients of both. sexes with o 

confirmed coronary artery disease and stable angina 

pectoris were asked to participate in each of the 39 cei 

ters (see Appendix) after ving their informed conser 
; Lu 















- T interval S480 1 ms; second or third de- 
gree atrioventricular block; complete right or left bundle 
_ branch block or a combination of incomplete right and 
left anterior or posterior hemiblock; plasma potassium 
 €3.8 mmol/liter or calcium <2.25 mmol/liter. Ni- 
< trates, molsidomine, digitalis, diuretics and potassium 
‘supplementation could be continued after randomiza- 
tion, but antiarrhythmic agents, calcium antagonists, 8- 
adrenergic receptor antagonists, drugs prolonging QT, 
tricyclic antidepressants and neuroleptics had to be dis- 
< gontinued at the time of randomization. 
Patients were randomly assigned to receive either 
|; bepridil or diltiazem in a double-blind manner. Patients 
were followed for 16 weeks after randomization with 
<= visits 14, 28, 70 and 112 days after beginning of thera- 
- py.: The initial dosages of bepridil and diltiazem were 
100 mg every 8 hours and 60 mg every 8 hours, respec- 
tively. Dosage could be titrated upward after 14 and 28 
days if angina pectoris persisted, provided that QT in- 
terval remained <500 ms and PR interval was <280 
ms. If needed, an additional 100 mg dose of bepridil or 
` -60 mg dose of diltiazem was administered each day af- 
ter the visit on days 14 and 28. The maximum dose of 
< bepridil was 500 mg/day. The maximum dose of diltia- 
=o zem was 300 mg/day. Patients were withdrawn during 
ae follow-up if angina pectoris persisted after administra- 
tion of the maximum dose, if treatment was poorly tol- 
erated hemodynamically, if ventricular arrhythmia de- 
` veloped, if plasma potassium was <3. 4 mmol/liter or if 
QT interval increased to >500 ms, The protocol was 
approved by the ethics committee at 1 of the participat- 
-ing university hospitals. 
~~ “In the main study, 227 patients were randomized to 
receive either bepridil (n = 116) or diltiazem therapy (n 
= 111). Of these 227 patients, 87 (38%). were free of 
bepridil, diltiazem and QT-prolonging drugs at the time 
of randomization. Of these, 45 were randomized to be- 
_ pridil and 42 to diltiazem therapy. The present report is 
< based on this subpopulation, for which analysis of ven- 
- tricular repolarization is unbiased by previous treatment 
administered at the time of randomization (i.e., at base- 
line). 
‘Electrocardiographic recordings and measure- 
ments. A baseline 12-lead electrocardiogram was re- 
corded, just before randomization and 14, 28, 70 and 
112 days after beginning treatment. Each electrocardio- 
: gram was recorded at a paper speed of 25 mm/s after a 
» 15-minute period of rest in the supine position. All QT 
and RR intervals were measured in lead V; to V3 by 
"averaging 3 to 6 individual measurements. QT interval 
< was measured from the onset of the Q wave to the end 
_. of the T wave. The U wave, when present, was excluded 
from measurements. RR interval was measured from 
ak of an R wave to the peak of the following R 









- - TABLE I Baseline Characteristi 


rocardiographi intervals were measured by 















Sex(M/F) 37/8 : 
Age (yrs) 5848 6047. 
Electrocardiographic features (ms)* mae 
QT interval 394 +27 396 436 
RR interval 884 + 140 918 +190: 
QTc interval 422 + 31 417 £28 
Concomitant drug therapy 
Diuretic 6 9 
8 blocker? 17 13 
None 12 13 
























































There was no statistically significant difference between the 2groups. ae 
*Meari-+.SD; | d-blockers were discontinued immediately after randomization. ah 








investigator. To take into account the fact that QT de 
pends on the heart rate at which it is measured, a cor- 
rected QT interval, QTc, was calculated as QTc = QT - 
(,/RR)~', where RR is expressed in seconds. 

Data analysis: EFFECT OF TREATMENTS ON QT, QTc A 
RR INTERVALS: Values of QT, QTc and RR intervals du: 
ing each treatment were compared over time by using 
general linear model analysis of variance. If the prob: 
bility of erroneously rejecting the null hypothesis of no 
difference was <0.05, Duncan’s post hoc test was: pe 
formed to compare electrocardiographic intervals at. 
ferent times under each treatment.'> In this study, w 
considered QT or QTc intervals to be long if they w 
>440 ms. We also considered a prolongation of: QT 
interval to be clinically significant if the change fro 
baseline was >40 ms. The number of patients having 
QT or QTc interval of >440 ms and <440 ms at è 
visit was compared using contingency table analysi 
The same approach was used to compare the number of 
patients achieving >40 ms and <40 ms of QTc prolo 
gation from baseline during treatment. 

CHANGE IN QT INTERVAL WITH HEART RATE: To assess 
whether a given treatment alters the relation between 
the absolute change in QT interval from baseline and 
the absolute change in RR interval from baseline on ¢ 
follow-up visits, this relation was analyzed by lea 
square linear regression. The 2 regression curves | 
compared according to the method of Altman | 
Gardner.'4 ; 

PREDICTORS OF QTc CHANGES WITH BEPRIDIL: To 
mine whether the extent of drug-induced QTc prolonga 
tion, if any, depends on baseline QTc and RR interval 
we correlated the absolute change of QTc interve 
served during treatment with the corresponding ba: 
QTc and RR interval in each patient. Since analys 
the change in a given parameter as a function o! 
baseline value is prone to statistical error,!* we als 
related the absolute value of QTc interval during 
ment with its pretreatment value.'® In such an analys 
a slope different from unity would indicate that, on a 
erage, the change in QTc ‘interval with treaty e 
pends f on-the-initial QTc interval. j 


















Day 112 
(n= 43) 


21%* 
53%* 
25%* 










Day 28 
(n= 43) 
26%* 
65%* 
25%* 






” Baseline Day 14 
(n= 45) (n= 42) 


19%* 
32%* 
25% * 













Day 70 
(n= 42) 













21%* 
45% * 
25%* 








baseline 
* p <0.05 vs baseline. 





































J of bepridil was increased from 300 to 400 mg/day 
m day 14 in 2 patients and again to 500 mg/day on day 
28 in 1 patient. The dose of diltiazem was increased 
: from 180 to 240 mg/day on day 14 in 6 patients and 
- again to 300 mg/day on day 28 in 1 patient. A total of 
0 patients (2 bepridil; 8 diltiazem) dropped out of the 
-study for non-cardiovascular reasons during follow-up. 
One patient in the diltiazem group was excluded on day 
28 because of the appearance of >1,440 ventricular 
_ extrasystoles /day. 

_ Effect of treatments on QT, QTc and RR intervals: 
_ Bepridil, but not diltiazem, prolonged QT interval and 
(QTc interval (Figure 1). QT interval increased from 
(mean + standard deviation) 394 + 27 ms (range, 360 
to 480 ms) at baseline to 421 + 33 ms (range, 370 to 
510 ms) on day 14 (p <0.05). Corresponding values for 
Tc interval were 422 + 31 ms (range, 360 to 516 ms) 
and 442 + 26 ms (range, 398 to 512 ms) (p <0.05). 
This increase in QT and QTc intervals with bepridil 
persisted during subsequent visits. There was, however, 
no significant increase in the mean degree of QT or 
QTc interval prolongation after day 14 (Figure 1). 
- Compared to baseline, the proportion of patients in the 
_ group receiving bepridil who had a QT or QTc interval 
` of >440 ms increased after 14 days of treatment and 
remained stable thereafter (Table II). Likewise, approx- 
_ imately 25% of patients treated with bepridil achieved 
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(43%) exceeded this limit c on at. least 1 of the follow 
visits. QTc interval once reached a value of 500 m 
11 of the 45 patients (24%) treated with bepridil. Only 
once was this limit attained on day 14, Pretreatment. 
QTc values were significantly greater in these 11 pa-. 
tients (440 + 30 ms; range, 398 to 516 ms) than in the. 
34 patients in whom QTc values never reached 500 ms. 
(417 + 30 ms; range, 360 to 490 ms) (p. <0.04). Finale 
ly, neither bepridil nor diltiazem significantly altered — 
RR interval (i.e., heart rate) (Figure 1). There was no 
torsades: de pointes during follow-up in any patient. 
Change in QT interval with heart rate: A significant 
relation between the absolute change in QT interval 
from baseline and the absolute change in RR interval 
from baseline on all follow-up visits was found with 
both bepridil and diltiazem (Figure 2). While the slope 
of the 2 regression curves did not differ significantly, the 
intercept of the regression curve was greater during be- o 
pridil therapy than during diltiazem therapy (p <0.05).. 
Predictors of QTc changes with bepridil: There was. 
an inverse correlation between the absolute change in | | 
QTc interval from baseline on day 14 and the baseline 
QTc interval (Figure 3). This result was confirmed by ` 
the fact that the slope of the relation between QTc in- 
terval duration on day 14 and initial QTc interval dura- 
tion was inferior to unity (slope, 0.27; 95% confidence 
interval: 0.025 to 0.525) (Figure 3). Similar results were 
found when the analysis was performed on data from all 
follow-up visits. Thus, bepridil tended to prolong QTc ` ` 
interval more in patients with short baseline QTc inter- 
vals than in those with comparatively long QTc inter- 
vals. oa 
The absolute change in QTc interval from baseline 
on day 14 was proportional to the RR interval before — 9 2. 
bepridil therapy (Figure 4). There was a significant ^ 
trend for bepridil to produce more QTc interval prolon-: = ” 
gation when administered to a patient with a relative 
pretreatment bradycardia than when administered to a 
patient with comparatively rapid heart. rate. 








DISCUSSION 
The results of the present study confirm that bepridil 
prolongs ventricular repolarization in man.*®* The fact 
that the calcium channel antagonist diltiazem produced 
no alteration of ventricular repolarization suggests that 
electrophysiologic properties other than calcium channel 
blockade, presumably blockade of potassium channels,!’ 
are responsible for the effects of bepridil on repolariza~. 
tion. Bepridil-induced prolongation of QT interval was 
not due to a decrease in heart rate since QTc interval 
(i.e, QT interval normalized for heart rate) was also. 
prolonged. Moreover, bepridil had no significant effect 
on heart rate in this study (Figure 1), | 
On average, the effects of bepridil therapy on ven- 
tricular repolarization reached a steady state wit 
weeks (Figure 1, Table II). These results, how 






















‘patient. Indeed, among the 30 patients with <40 
QTc prolongation on day 14 compared with base- 
13 (43%) exceeded this limit on at least 1 of the 
wing visits. Moreover, among the 11 patients treat- 
ed with bepridil in whom QTc interval reached a value 
- of 500 ms, this limit was attained only once on day 14. 
_ Assuming a mean (+ standard deviation) half-life of 
` approximately 42 + 12 hours for bepridil,'® 2 weeks 
_ should have been a sufficient time for bepridil effects to 
reach a steady state in the vast majority of patients. 
This discrepancy suggests that pharmacokinetic charac- 
teristics are not the sole determinant of the time-course 
of. bepridil-induced QT prolongation. 
<> Bepridil did not alter the ability of QT interval to 
shorten with increased heart rate. Compared to diltia- 
: = zem, it produced an upward shift of the change in QT 
interval versus change in RR interval relation relative to 
< baseline and these effects of bepridil on QT interval 
‘were seen in the whole range of heart rate changes òb- 
served in our patients (Figure 2). Baseline QTc interval 
was a Statistically significant predictor of the absolute 
_change in QTc interval duration produced by bepridil 
(Figure 3). QTc prolongation with bepridil tended to be 
| more pronounced in patients with a relatively short 
baseline QTc interval. However, QTc interval decreased 
during bepridil therapy in some patients with long ini- 
` tial QTc intervals (Figure 3). Moreover, QT interval re- 
ained within normal limits ($480 ms) in this study. It 
must be emphasized that, in our study, baseline QTc 
interval was significantly longer in the 11 patients in 
whom QTc interval once reached a value of 2500 ms 
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greater in patients with a pee short initial 
interval (Figure 3); Thus, our results suggest tha 
short baseline QTc interval should not be viewed 
protective factor against bepridil-induced QTc prolon 
gation. 

Bepridil produced more QTc interval prolongation i m 
patients with a slow heart rate at baseline than in those 
with a comparatively rapid heart rate (Figure 4). Ina 
study performed in normal volunteers, it was also found 
that the effects of bepridil on ventricular repolarization — 
increase when heart rate decreases.'? This rate-depen 
dence of class III. activity is consistent with several i 
vitro results that showed that the effects of several QT: 
prolonging drugs on action potential duration increase 
with a decreased pacing rate.?°-23 It has been suggested 
that this phenomenon might be due to inhibition of | 
time-dependent outward current. The fact that bepridil 
induced prolongation of ventricular repolarization is 
more pronounced in patients with slow heart rate ma: 
indicate that bradycardia before administration of 
drug with class III activity increases the risk of exces 
sive QT prolongation and hence the risk of torsades de- 
pointes. In fact, among 9 patients with bepridil-induced 
torsades de pointes,” 2 had no hypokalemia and did no 
receive concomitant diuretic therapy. These 2 patier 
had the slowest heart rate both during treatment wit 
bepridil and after discontinuation of bepridil therapy. 

In our study, only 11 patients (24%) had QTc inter- 
val prolongation of 2500 ms during bepridil therapy 
Thus, in more than 3 of 4 patients, bepridil did not ie 
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URE 3. Relation between the absolute change in QTc in- 
|on day 14 and its pretreatment value. Top, absolute 

change in QTc interval from baseline on day 14 as a function 
QTc interval. Bottom, plot of QTc interval on 
day 14 as a function of baseline QTc interval. The dotted line 
represents the line of identity. The predicted 95% confidence 


marked effects. on ventricular repolarization. In 
: addition, despite prolonged QTc interval duration in 11 
subjects, no torsades de pointes or other proarrhythmia 
occurred in any patient. Also, no proarrhythmia oc- 
rred in any of the 116 patients who were randomized 
to bepridil therapy in the main study. Exclusion of pa- 
_ tients with a history of ventricular arrhythmia and with 
any factor known to promote torsades de pointes may 
have contributed to the latter favorable finding. Also, 
wing to the low incidence of torsades de pointes, our 
_ study lacked power to detect bepridil-induced proar- 
rhythmia. There is still a great deal of controversy on 
whether QT prolongation is antiarrhythmic or proar- 
thmic.™*25. Dispersion of refractoriness (and QT in- 
al duration) increases with decreased heart rate and 
may contribute to the generation of ventricular arrhyth- 
nias.. As discussed by Roden and Woosley,” the 
ute duration of QT interval gives no indication of 
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FIGURE 4. Relation between the change in absolute QTc in- 
terval on day 14 and the corresponding pretreatment RR in- 
terval. The predicted 95% confidence intervals are repre- 





ciated with dispersion of ventricular repolarization 
Therefore, drug-induced QT interval prolongation in 
itself may not be a predictor of proarrhythmia (or of 
antiarrhythmic efficacy).?*8 In fact, in a recent double- 
blind, placebo-controlled study, the QT-prolonging sero- 
tonin antagonist ketanserin did not produce proarrhyth- 
mic effects despite significant QT prolongation in at 
least 30% of patients. Our study supports the view 
that QT interval prolongation is not harmful per se. 
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Andrea Ciarmiello, MD, Marco Salvatore, MD, Mario Condorelli, MD, 
and Massimo Chiariello, MD 








Left ventricular (LV) diastolic function is often im- 
paired in coronary artery disease (CAD). To assess 
whether verapamil could improve LV diastolic 
properties, 12 patients with CAD undergoing right- 
and left-sided cardiac catheterization, as well as si- 
multaneous radionuclide angiography, were studied 
before and during intravenous administration of ve- 
rapamil (0.1 mg/kg as a bolus followed by 0.007 
— mg/kg/min). The heart rate was kept constant by 
atrial pacing in both studies. LV pressure-volume 
relations were obtained. Verapamil decreased LV 
systolic pressure (130 + 22 to 117 + 16 mm Hg, p 
<0,01) and the end-systolic pressure/volume ratio 
l+ 1.3 to 1.6 + 0.5 mm Hg/mi, p <0.05), and 
increased LV end-diastolic (13 + 4 to 16 + 4mm 
, p <0.02) and pulmonary capillary pressures 
0 + 5 to 12 + 5 mm Hg, p <0.005). Despite such 
negative inotropic effects, cardiac index increased 
(3.4 + 0.7 to 3.9 + 0.6 liters/min/m?, p <0.02), 
_ The time constant of isovolumic relaxation short- 
< ened (63 + 14 to 47 + 9 ms, p <0.02); peak filling 
rate increased (370 + 155 to 519 + 184 ml/s, p 
 <0,001; 2.6 + 1.1 to 3.3 + 0.9 end-diastolic 
i counts/s, p <0.02; and 4.1 + 1.6 to 5.5 + 1.5 
stroke counts/s, p <0.001). Percentage changes in 
peak filling rate were related to percentage 
_ changes in the time constant of isovolumic relaxa- 
tion, the pressure asymptote, pulmonary capillary 
pressure, end-diastolic volume, and an index of LV 
diastolic asynchrony (r = 0.930, R? = 0.864, F = 
7.636, p = 0.014). Late diastolic filling was not af- 
fected by verapamil. Thus, intravenous verapamil 
administration in patients with CAD improved LV 
isovolumic relaxation and early filling. These ef- 
fects are likely the consequence of both the drug’s 
direct action on myocardium and changes in the 
Jains conditions. 
(Am J Cardiol 1990;66:818-—825) 
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left ventricular (LV) diastolic function, as it-slows 

relaxation! and reduces early filling.™® In patients 
with coronary artery disease (CAD), LV peak filling 
rate, a clinically useful estimate of LV filling properties, 
is diminished even at rest and in the absence of altered 
systolic: performance.” -° Because diastolic dysfunction = 
is apt to induce symptoms of congestive heart failure — 
even when systolic function is preserved,!'! it would be 
important to assess whether this diastolic dysfunction 
could be pharmacologically reverted. 

Verapamil has been shown to improve LV relaxation 
and filling in hypertrophic cardiomyopathy'*!3 and hy- 
pertension.'*'> In patients with CAD similar effects 
have been observed in noninvasive studies.'°-!’ However, 
changes in loading conditions associated with the drug 
could have affected those results to some extent: in fact, 
an increase in peak filling rate after verapamil adminis- 
tration is not exclusively related to improved diastolic 
function, but could also be the consequence of height- 
ened filling pressures. The present investigation ana- 
lyzes the effects of acutely administered verapamil on 
LV relaxation and filling in patients with CAD, in an 


| ee is capable of impairing the normal pattern of 





invasive study where changes in load could be account- A 
ed for by using analysis of pressure-volume relation. .. 2 
METHODS 


Patient selection: We studied 12 patients undergo- 
ing diagnostic cardiac catheterization and coronary an- 
giography. They were enrolled according to 4 criteria: 

(1) no previous myocardial infarction; (2) no associated 
cardiac or pulmonary diseases, hypertension, diabetes 
mellitus or history of alcohol abuse; (3) stable angina 
pectoris with mild-to-moderate symptoms, enabling dis- 
continuation of therapy; and (4) normal LV global and 
regional performance. There were 11 men and | wom- 
an, ranging in age from 42 to 57 years (mean 49), All `. 
gave informed consent for participation in the study, 
which had been approved by the “ad hoc” institutional 
committee. 

Study protocol: Drugs were withdrawn at least.5 
half-lives before the study; however, short-acting ni- 
trates: were allowed when necessary. 

All patients underwent simultaneous right- and left. 
sided cardiac catheterization and radionuclide angiogr 
phy. Because it was expected that intravenous verapa 












tained during atrial pacing at i à beart rate ae 
pproximately 15 beats above the spontaneous sinus — 













0.1 mg/kg over 3 minutes, followed by an infusion of 
-0.007 mg/kg/min throughout the study; 10 minutes af- 
ter the end of the bolus administration, atrial pacing 
-| was resumed at the same rate as before and the second 
study was begun. 

.- Cardiac catheterization and hemodynamic mea- 
surements: A 7Fr Swan-Ganz thermodilution catheter 
ae (Edwards Laboratories) was introduced into the pulmo- 
"nary artery, to measure cardiac output and pulmonary 
“wedge” pressure. A 7Fr or 8Fr pig-tail high fidelity 
- transducer-tipped catheter (Honeywell) was also ad- 
vanced into the left ventricle, for measurement of LV 

‘pressure and cineventriculography. LV pressure and its 

first derivative (dP/dt) were recorded at a paper speed 
of 250 mm/s, and LV pressure was also sent to the 
|. gamma camera-computer system for building pressure- 
volume curves. High-speed LV pressure and dP/dt 


dP/dt (mmHg/s) 





: Baseline 
1 T=64.3 
ythm. At the end, the pacemaker was turned off and pB=-30. 5 eae 
-verapamil was administered intravenously as a bolus of | r=0.996 < 
















LV PRESSURE (mmHg) 





waves were digitized at 4-ms intervals for calculation of FIGURE 1. Negative limb of the first derivative of left ene 
; ular pressure plotted as a function of pressure at baseline 
` yariable asymptote model.!® Briefly, dP/dt values were (closed symbols, solid line) and during verapamil administra- 
tion (open symbols, dashed line) in a patient. There isa 


the time constant of isovolumic relaxation using the 


plotted as a function of the corresponding pressure val- 


ues, starting from minimum dP/dt and ending when cn aia Strat dntoathe oft ote tine rere ere 
-pressure was 1/e of its initial value. The time constant = left ventricular; pB = pressure asymptote; r = on 


o ofi isovolumic relaxation was computed as the negative coefficient; T = = time constant of isovolumic relaxation. . 


-FIGURE 2. Schematic representation of a 
-< deft ventricular region of interest divided 
-into 5 sectors. A time-activity curve from 
each sector is also displayed. Data per- 

‘taining to sector B, which includes the 
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: _ area of mitral and aortic valves, were not 
, Used in the analysis. EDC = end-diastolic 
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Dave Verapamil Administration Te 
a aR i a 15° caudal tilt. Images were acquired 
Baseline Verapamil. pwale | tal zoom, in frame mode, at a framing 
art rate: (beats /miny: 95410 95410 NS frames/s (ie, 20 ms/frame) with a gate tolerance ol 
eft ventricular pressure 5%. At least 150,000 counts/frame were collected i 
(mm He) th line study, wher e ver: a 
l Sik Bico. imele wo e baseli y, ‘eas th apamil study wasac- 
 tad-diestolic A bad 0.02 quired for the same time as the baseline study, in order o 
ulmonary wedge pressure 1045 1245 0.005 for the 2 studies to consist of the same number of cardi- oe 
(mm Hg). ac cycles (as heart rate was kept constant). oes 
rdiacindex(liters/min/m?) 3.4407 3940.6 0.02 The time-activity curve recorded in the verapamil = 
End-diastolic volume (mi) uae ee TOES Ph. -NS study was expressed in ml by normalizing its end-dia- 
Ejection fraction (%) 6349 60 412 NS li ber of d-di li 1 
End-systolic pressure/volume = 2.41.3 16405 0.05 stole num of counts to end-diastolic volume mea- 
(mmHg/mi) sured by contrast angiography. The baseline time-activi- 
TPER coefficient of 1047 1247 NS ty curve was then normalized to the verapamil curve, 
) Variation (%) _| after correction for the isotope decay. me 
_ [i NS = not significant: TPER = time to peak ejection rate. Ejection fraction was calculated on the “raw” time- 


activity curve, whereas peak filling rate was computed,- 
; after filtering using a Fourier expansion with 5 harmon- 
eciprocal of the slope of this linear relation, whereas ics, as the maximum of its first derivative and expressed 
the asymptote was calculated as the extrapolated pres- in ml/s or normalized by end-diastolic as well as stroke 
sure value at which dP/dt reached 0 (Figure 1).Com- number of counts; time to peak filling rate was meas: 
pleteness of relaxation was assessed by the number of sured from the R wave. Further details on radiönuclide 
time constants elapsed from minimum dP/dt to the low- angiography methods, accuracy and reproducibility of 








_LV pressure.” these measurements in our laboratory have been previ- | 
Cineventriculography was performed immediately ously reported.'4 OO 
r the end of the experimental protocol, during atrial LV regional analysis was performed using a comput- 


ing and verapamil infusion, in the 30° right anterior er algorithm that identified the center of gravity of the 
blique view. The first well-opacified sinus beat not fol- LV region of interest and divided it into 5 sectors of 
ig an ectopic beat was analyzed for end-diastolic equal angle starting at 3 o’clock and proceeding coun- 
ume, ! 9 using a graphic tablet interfaced with a com- _ terclockwise. The region that includes the mitral and 
(Digital PDP 11/34). aortic valves (Figure 2) was not used in the analysis. 
adionuclide angiography: Equilibrium radionu- Time-activity curves were filtered, after background 
angiography was performed with the patients lying subtraction, using a Fourier expansion with 3 harmon- 
; supine position on the cardiac catheterization cra- ics. Peak ejection rate (as the minimum of the first de- 
ed blood cells were labeled in vivo with 20 to 25 _ rivative of the time-activity curve) and peak filling rate: 

a of technetium 99-m and counts were collected bya were measured in each of the 4 sectors. We evaluated 
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Pressure asymptote m Hg) 
Ts elapsed from minimum dP. į dt 
“» tolowest pressure 
no Peakfilingrate 
2 m/s 
End-diastolic counts /$ 
Stroke counts/s 
TPFR (ms). : 
TPFR coefficient of variation (%) 
karim Hg/ ml) 


115 








370 4 155 
2641.1 
4.1416 
467 +61 


0.022 £0,015 


519: 184 
3.3409. 
55415 
467 +43 
747 : 
0.01940.012 


k= constant of chamber stiffness: NS = not significant; T = time constant of isovolumic relaxation; TPFR = time to peak filling rate. 





LV: systolic and diastolic asynchrony by measuring the 
coefficient of variation of the 4 regional values of time 


to peak ejection and filling rates, respectively. 


Left ventricular pressure-volume analysis: LV pres- 
re was sent to a custom-designed interface (Medie) 
connected to the gamma camera-computer system 


_ (Digital PDP 11/34). This interface wrote the pressure 


<: values into the scintigraphic matrixes: in this way LV 
pressure curves have the same gating point and framing 
te, and represent an average of the same cardiac cy- 
as the time-activity curves, with which they were 
combined to create high temporal resolution pressure- 
lume loops. Pressure curves obtained by this. method 

¢ virtually noise-free and do not require filtering. 
The LV constant of chamber stiffness (k) was mea- 
sured on the part of pressure-volume loops from mini- 
mal pressure to end-diastole, according to the formula P 
et, where P is pressure, V is volume and A is a 

distant, 

-= Statistical methods: Data are “expressed as mean + 
-standard deviation. Paired ¢ test and linear regression 





PFR (EDC/s) 








andini were used when appropriate: Determina : 
changes induced by verapamil were assessed by stepwis 
multiple regression analysis.” l . 


RESULTS _. : 
‘Coronary arteriography findings: Significa 
(>75%) l-vessel and 2-vessel narrowing was found 
patients each; 3 patients had 3-vessel CAD, whereas the 
remaining patient had 50% stenosis in 2 vessels. 
Hemodynamics: LV systolic pressure decreased and 
both LV end-diastolic and pulmonary “wedge” pr ssure 
increased (Table I) (Figure 3). The end-systolic 
sure-volume relation shifted downward and rightw 
in 7 patients, rightward and slightly upward in 3 a 
downward and leftward in 2. Hence, the end-systol 
pressure-volume ratio decreased significantly. Desp 
this evidence for a negative inotropic effect, cardiac i 
dex increased (Table I). 
Left ventricular diastolic function: The time-cc 
stant of isovolumic relaxation shortened in all but 
tients (Figure 1), and significantly in the group; its pre 


p<0.001 
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entage changes : Coefficient Coefficient ie 
oo 0.649 0.782 
Pressure asymptote —0.092 —0.658 
Pulmonary wedge pressure —0.363 ~0.641 
End-diastolic volume 0.859 0.521 
i. TPFR coefficient of variation -0,199 0.432 
Multiple r=0.930 . multiple R? =0.864 F=7636 p=0.014 | 
; Slime constant of isovolurnic relaxation; TPFR = time to peak filling rate. 



































sure asymptote increased and the number of time con- 
stants elapsed from minimum dP/dt to the lowest LV 
wessure increased (Table II). 

‘Peak filling rate increased significantly when nor- 
alized.to end-diastolic and stroke counts/s (Figure 4), 
well as expressed in ml/s (Table II). 
The coefficient of variation of time to peak filling 
rate exhibited a nonsignificant trend toward decrease (p 
0.10). Moreover, a linear relation was found between 
percentage changes in diastolic asynchrony and percent- 
age changes in the time constant of isovolumic relaxa- 
tion (Figure 5). 
The diastolic part of the pressure-volume loops 
showed no modifications in LV compliance in 8 of the 
Patients (Figure 6), an improvement in 3 patients 
worsening in 1. These results are consistent with the 
of significant changes observed in the constant of 
mber stiffness. 
Determinants of changes in peak filling rate: In the 
tiple regression analysis we used peak filling rate 
malized to stroke counts, because peak filling rate in 
d-diastolic counts depends on ejection fraction.> The 
percentage changes in peak filling rate were tested 
against percentage changes in pulmonary wedge pres- 
sure, ejection fraction, end-systolic pressure/volume ra- 
_ tio, end-diastolic volume, indexes of systolic and diastol- 
cic asynchrony, the time constant of isovolumic relaxa- 
4 tion and its pressure asymptote. Table III lists the 
sults of the stepwise multiple regression analysis. 
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eg 
there were no Significant e in LV systolic res 
sure (as expected), a significant decrease in ejection 
fraction (from 56 + 7 to 50 + 7%; p <0.05) and an 
increase in end-diastolic volume (132 + 12:to 155 + 16 
ml; p <0.005). The increase in peak filling rate, normal- 
ized to stroke counts, almost reached the significance — 








level (4.3 + 1.8 to 6.1 + 1.7; p <0.07), whereas the 
time constant of isovolumic relaxation showed a nonsig- 


nificant trend toward improvement (62 + 18 to 54:17 
ms), 


DISCUSSION wed 
Hemodynamic effects: Intravenous verapamil ‘ad-' . 
ministration induced a systemic vasodilation, as shown 
by the significant decrease in LV systolic pressure and _ 
the concomitant increase in cardiac index (Table T). 
Ejection fraction showed a nonsignificant trend toward 


a decline: this finding is the consequence of 2 opposite : 
effects, namely afterload reduction (which would in- 


crease ejection fraction) and the drug’s negative inotro- 
pic effect (which would decrease it); in fact, in the sub- 
set of patients in whom LV systolic pressure decreased 
<5%, ejection fraction decreased significantly. This. 
known negative inotropic property of verapamil!®?!.22 jg . 
also suggested by the significant decrease in the end- 
systolic pressure/volume ratio. LV end-diastolic and 
mean pulmonary wedge pressures increased slightly but- 


significantly during verapamil administration (Table I. 


and Figure 3), as a result of the reduced LV systolic. 
performance. 
Effects of verapamil on diastolic niechanicss A 


shortening in the time constant of isovolumic relaxation 


and an increase in the asymptote of LV pressure decay. 
were observed (Table IH and Figure 1). Moreover, the 


number of time constants of isovolumic relaxation ~ 


elapsed from minimum dP/dt to the lowest pressure? 
was increased during verapamil (Table TI), which indi- 
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FIGURE 5. Verapamil-induced percentage 
changes in the time constant of isovolumic 
relaxation plotted as a function of percent- 
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constant of isovolumic relaxation; TPFR = 
time to peak filling rate. 
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‘oved the isovolumic relaxation by making it faster 
nd more complete. Of note, the time constant of iso- 
: volumic relaxation’ was prolonged at baseline (ie. 
- >53.3 ms, the upper limit of the 99% confidence inter- 
yal in a control group in whom this parameter was mea- 

‘sured with the same method used herein?) in 8 of the 
12 patients, and it shortened with verapamil in 7 of 
them. 

Early filling was also influenced by verapamil ad- 
< ministration, as peak filling rate increased (Table II and 
| Figures 4 and 6). Such an increase is more evident 
when peak filling rate is expressed in ml/s or normal- 

ized to stroke counts: in fact, a trend toward an enlarge- 
-. ment in end-diastolic volume and a reduction in ejection 
_ fraction were seen, which both tend to decrease peak 
filling. rate in end-diastolic counts/s. Peak filling rate 
increased in only and all patients with subnormal basal 
; values (i.e., <2.8 end-diastolic counts/s'*); this finding 
ds. similar to that observed: with verapamil in patients 

with secondary LV hypertrophy,'?:!4 and, together with 

‘the shortening of the time constant of isovolumic relaxa- 

tion in 7 of the 8 patients starting out with prolonged 
basal values, suggests that verapamil effects are more 
_ pronounced in patients with impaired diastolic function. 
LV diastolic asynchrony showed only a trend toward 

‘reduction; its changes, however, played a role in influ- 
-encing early diastolic function. In fact, we found a more 
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-FIGURE 6. Left ventricular (LV) time-vol- £ | 
ume curves (top left), time-pressure = 80) 
curves (top right) and pressure-volume > | 
-curves (bottom left) in a patient before | 

`; (closed symbols, solid lines) and during 30 


~ verapamil administration (open symbols, 
_ dashed lines). Bottom right, a pressure- 
‘volume diagram at an expanded pressure 
scale shows further details of the diastolic 
pressure-volume relation. Verapamil ad- 
ministration induced an increased filling 
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: 7 ee a rea multiple Tegr 
sion analysis showed that the effects of verapamil on 


Time (ms) 


when reaching minimum marl 
as more fully relaxed. These concomitant 
dicate that verapamil administration im- 





peak filling rate were mediated through its action on 
isovolumic relaxation (as the time constant and thi 
pressure asymptote were the most consequential deter 
minants), on filling pressure and on diastolic asynchro- 
ny (Table HI). Interestingly, another determinant was 
changes in end-diastolic. volume: this finding suggest 
that verapamil acted on the rate and also on the extent 
of filling. This goes along with the increase in cardiac 
index despite the evidence for a negative inotropic ef- : 
fect. i 
In contrast to the beneficial effects on isovolumic re 
laxation and early filling, no improvement in compli- 
ance could be detected in most patients, either qualita- 
tively or by the lack of changes in the constant of LV 
chamber stiffness. 

Mechanisms by which verapamil influences carly : 
diastolic function: Verapamil could improve isovolumic 
relaxation and hence magnify peak filling rate throug 
its direct effects on myocardium. Lorell and Barry? 
have demonstrated in isolated myocardial cells that high: 
calcium concentration resulted in a decreased velocit 
of relaxation, and that such a phenomenon wasal 
ished by verapamil, whereas, in the presence of low « 
cium concentration, verapamil slowed relaxation. Fur 
ther evidence for different effects of verapamil on m 
cardium deperiding on its condition is provided by 
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i sperim 
chemia associated with increased myocardial calci- 
concentration,” one could conjecture that verapamil 
xerted beneficial effects on ischemic regions and that 
ch effects would reduce asynchrony and enhance 
global diastolic function. This hypothesis is strength- 
ened by the fact that most patients presented with ab- 
ormal isovolumic relaxation and early filling in the 
baseline and that verapamil proved beneficial in the vast 
majority of them (7 of 8 for isovolumic relaxation and 
10 of 10 for peak filling rate). 
In addition, we have shown that changes in diastolic 
asynchrony did contribute to variations in isovolumic re- 
_ laxation (Figure 5) and peak filling rate (Table IID). 
This suggests that the effect of verapamil on LV areas 
with some degree of chronic, nonclinical ischemia® was 
more conspicuous than in normal areas, and it was one 
of the mechanisms concurring to improved global dia- 
stolic function. 
However, in the present study verapamil led to an 
elevation in preload (Figure 3) and a reduction in after- 
load. While a decrease in afterload is capable of im- 
proving relaxation,*’ a preload elevation results in an 
enhanced rate of filling?®; thus, both these changes 
in loading conditions may have contributed to the 
improvement in early diastolic function. Walsh and 
O'Rourke” have documented in an elegant study that 
temic administration of verapamil did not alter dia- 
olic function in nonischemic dogs, and when associ- 
ated with 8 blockers to prevent the adrenergic activation 
due to its peripheral effects, it worsened relaxation; 
analogously, intracoronary administration of verapamil 
only exerted a negative inotropic and consequently neg- 
ative lusitropic action. To isolate the direct effects of 
verapamil from those mediated through changes in af- 
terload, we considered separately 5 patients with minor 
afterload changes (as estimated by LV systolic pressure 
decrease <5%): they had a trend toward elevation in 
peak filling rate and improved isovolumic relaxation. 
This finding suggests that the improvement in isovolu- 
mic relaxation is not merely due to changes in afterload, 
but also to direct verapamil action on myocardium, 
_ whereas the increase in early filling depends on im- 
provement in myocardial inactivation properties, in- 
crease in preload and reduction in asynchrony (Table 
TIT). Of interest, such an improvement in diastolic func- 
tion occurred despite the evidence for a negative inotro- 
pic effect, which is known to delay relaxation. 
': Study limitations: A similar protocol should have 
been performed i in a control group: if no changes were 
seen in normal! subjects, that would mean that verapa- 
mil exerted its beneficial effects only on ischemic myo- 
cardium, not through changes in load. However, we 
msidered it unethical to enroll normal subjects in an 
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provement in early diastolic funcion be p 
patients with severe, symptomatic diastolic dy y 
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The purpose of this study was to systematically 
evaluate programmed ventricular stimulation in pa- 
tients <21 years of age undergoing electrophysio- 
logic testing. A standardized protocol was applied 
in 55 consecutive patients (mean age 14 years) 
_with the following clinical presentations: sustained 
_ ventricular tachycardia (VT) (n = 17); ventricular 
fibrillation (VF) (n = 7); syncope with heart disease 
(n= 10); nonsustained VT (n = 6); and syncope 

with an ostensibly normal heart (n = 15). The stim- 
ulation protocol consisted of 1 and 2 ventricular ex- 
_ trastimuli during sinus rhythm, followed by 1 to 4 
(S2, Sa, Sa, Ss) extrastimuli during pacing at 2 ven- 
tricular sites. Of the 17 patients with sustained VT, 
12 had induction of the arrhythmia (sensitivity = 
71%). Overall, 18 of 55 patients had inducible sus- 
tained VT, with this response significantly en- 
hanced by use of S4 or Ss protocols (p = 0.02). Al- 
though no syncope patient with an ostensibly nor- 
mal heart had inducible sustained VT, 7 had 
polymorphic nonsustained VT in response to ven- 
tricular stimulation. The mean number of extra- 
stimuli preceding the induction of nonsustained or 
sustained VT or VF did not differ. The induction of 
VF in 5 cases during this study was preceded in 
each case by extrastimuli intervals <190 ms. Thus, 
_ data indicate that aggressive stimulation protocols 
appear to be required for induction of sustained VT 
in most young patients, nonsustained polymorphic 
_ VT as a response to aggressive programmed stimu- 
- lation is of uncertain significance, and that coupling 

_ intervals <190 ms may correlate with the induction 

of VF. 
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}stimulation for the evaluation of ventricular ar- 

rhythmias in young patients, systematic analy- 
sis of this testing has not been reported for this group. 
Programmed ventricular stimulation, initially devised 
for the evaluation of ventricular arrhythmias associated 
with myocardial infarction or ischemia’? has subse- oo. 
quently been applied to diverse subgroups of patients.>-’ 
Extensive analysis of the various protocols of pro- ` 
grammed ventricular stimulation has been reported for 
adults *'3 and has provided the basis for a more- ratio- 
nal application of this testing and interpretation of re- 
sults. In contrast, the sensitivity and specificity of pro- 
grammed ventricular stimulation in young patients with 
ventricular arrhythmias are unknown. This study evalu- 
ates a defined stepwise protocol of programmed ventric- = 
ular stimulation in young patients, both with and with- < 
out clinically documented ventricular arrhythmias, to 
address the aforementioned uncertainties. 


De the frequent use of programmed electrical S 


METHODS nee 
Fifty-five consecutive patients, ages 0.2 to 20 years 
(mean 14 + 4.5) undergoing electrophysiologic evalua- 
tion, provide the basis for this study. The indications for. < 
programmed stimulation were clinical sustained ventri: 
ular tachycardia (VT) (n = 17), resuscitation from ven- 
tricular fibrillation (VF) (n = 7), syncope, associated 4 
with palpitations and known cardiac disease (n = 10), - 
nonsustained VT (n = 6) and syncope, with no recoge = 
nized heart disease or tachyarrhythmia (n = 15). All. | 
patients with VT or VF had 21 lead of electrocardio- > > 
graphic documentation of their arrhythmia. ae 
Of the 55 patients with documented or clinically sus- 
pect ventricular arrhythmias, 31 had recognized cardio-... 
vascular disease. Fifteen patients had prior surgical 
treatment of cyanotic congenital heart disease: tetralogy 
of Fallot (n = 9), transposition of the great arteries (n 
= 5), and total anomalous pulmonary venous return (n 
= 1), Three patients had congenital aortic stenosis, each °° 
with 21 prior surgical procedure. Three other patients __ 
had abnormalities of myocardial perfusion, due to an 
anomalous origin of the left coronary artery from the oe 
pulmonary artery in 1, and coronary arterial stenosis _ 
after Kawasaki disease in 2. Five patients had an idio- 
pathic dilated cardiomyopathy, 3 the: long. QT syn- 
drome, and 2 Wolff-Parkinson-White syndrome. & 
Ventricular function was evaluated in all patients 
at least 1 method: echocardiography, radionu ide 
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of the type of heart disease and presenting 


hysiologe.. studies were performed using sedation 
chloral hydrate or diazepam as necessary, after in- 
formed consent had been obtained. All antiarrhythmic 
agents had been discontinued for a minimum of 5 drug 


< half-lives before study. Three multiple electrode cathe- 


ters were introduced percutaneously, and positioned un- 


_. der fluoroscopic control at the high right atrium, across 
the septal leaflet of the tricuspid valve to record the His 


_ bundle potential and at the apex of the right or left ven- 
tricle, based on the anatomy of the specific patient, A 
_ fourth catheter was positioned in the coronary sinus in 
-< 32 of 55 patients in this study. Intracardiac recordings 
were filtered below 30 and above 500 Hz and displayed 
simultaneously with 3 electrocardiographic leads. Be- 
Tore the initiation of programmed stimulation, R-2 defi- 
rillator pads were applied to the anterior and posterior 
horax of each patient and adapted to an external car- 
_ dioverter-defibrillator. Programmed stimulation was 
-performed with constant current pulses of 2 ms dura- 
tion, delivered at twice diastolic threshold. 
An. initial determination of resting intracardiac in- 
. tervals was followed by incremental atrial pacing for 30 
seconds until 2:1 atrioventricular block occurred. Single 
and double atrial extrastimuli were next delivered at 
rogressive 10-ms decrements until the atrial effective 
*fractory period was attained. 
Ventricular stimulation began. with a single extra- 
‘Stimulus (S2) delivered in late diastole during sinus 
‘hythm, with progressively shorter 10 ms coupling inter- 
vals until the ventricular muscle effective refractory pe- 
od was attained. S} was coupled 50 ms beyond the 
| refractory period and a second extrastimulus (S3) was 
introduced 350 ms later. S; was scanned through dias- 
tole by 10 ms decrements, until refractory, at which 
time S, and S; were moved in by 10 ms until S} was 
refractory. Single, double, triple (S4) and quadruple 
| (Ss) extrastimuli were next coupled to an 8-beat drive 
train of ventricular pacing at 600 or 500 ms at the ven- 
-tricular apex using the same method. If no sustained 


ee S; was repeated, coupl d 


The sequence of S; to. c 
lengths was rëpeated during | pacing at the outflow tra 
if no sustained ventricular arrhythmia was inducibl at 


tained VT or VF with no inducible sustained arrhyt | 
mia, the S, to Ss sequence was repeated during isopro- 
terenol infusion (0.1 to 0.3 mcg/kg/min) after an i 
crease in the basal heart.rate by 225%. The baseli 
electrophysiology study was repeated in patients wil 
inducible sustained VT or VF before electropharmaco- 
logic testing and those with clinically documented: VT 
or VF, but no inducible sustained tachyarrhythmia. 

Definitions: Sustained VT—Spontaneous VT 210 
consecutive QRS complexes, Nonsustained VT— Spon- 
taneous VT of 3-9 consecutive QRS complexes.'4 In- 
ducible sustained VT—Initiation of VT 230 seconds 
duration or requiring termination due to hemodynamic 
compromise.'> Inducible nonsustained VT—Initiation 
of self-terminating VT =6 beats and <30 seconds. 
Monomorphic VT—VT with a constant QRS morphol- 
ogy in 21 electrocardiographic lead. 

Statistical analysis: Results are expressed as mean 
+ SD. Continuous variables were compared betwee 
groups by analysis of variance, with significant diffe 
ences defined by Newman-Keul analysis. If onl 
groups were compared, Student’s 7 test. was used. 
crete variables were analyzed by chi-square or Fisher’s 
exact test. Statistical significance was inferred. at p 
<0.05. 


RESULTS 
‘Induction of sustained ventricular tachycardia 
correlation with type of heart disease and presenting. 
arrhythmia: Overall, 18 of 55 patients (33%) studied by : 
this protocol had induction of sustained VT. The rates 

of induction among patient subgroups are shown in Fi 
ure 1. Sustained VT was induced in 10 of 19 patients 
with congenital heart disease (53%), 4 of 12 with car- 
diomyopathy or primary electrical disease (33%) and 
of 24 (16%) with no structural heart disease. The differ- 
ences observed in the frequency of VT induction among. 





FIGURE 1. Induction of sustained ventric- 
-war tachycardia (VT) plotted as a function 


arrhythmia. Clinically documented VT was 

_ the only factor predictive of induction of 

a Sustained VT by y programmed stimulation 

tachycardia; SYN = syncope; VF = 
fibrillation 
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anNo.of Mean Coupling 
Extrastimuti Interval (ms). 
; 2.2407" 269 +49 
onsustained VT 17 2.7406 234 4 23 
_ Sustained VT i 18 3040.6 237 +32 
Neniriculer fe fibrillation 5 3.2405 180 +t12* 
: * p <0.01 
i Mean: coupling interval = the interval between the last 2 extrastimuli; RVR = 
„repetitive ventricular response; VT-= ventricular tachycardia. 
































abgroups were not statistically significant, although 
patients with structural heart disease were more likely 
have induction of VT. Ventricular function was sub- 
normal in 8 of the 18 patients with inducible VT and 10 
of 37 patients in whom VT was not inducible. 
< Analysis was next performed to determine whether 
significant differences in the frequency of VT induction 
occurred for each clinical arrhythmia among the vari- 
ous subgroups of cardiovascular disease. Although sus- 
tained VT was inducible in only 33% of patients in this 
series, 12 of 17 patients with clinical documentation of 
- VT-had induction (sensitivity = 71%). No patient with 
syncope and an otherwise normal cardiovascular evalua- 
tion had induction of sustained VT. VT was also in- 
uced i in 5 patients with syncope and heart disease and 
patient resuscitated from VF. However, as VT had 
‘been clinically documented in these patients, this 
ta is not included in analysis of sensitivity. By univar- 
te analysis, clinical documentation of VT was the only 
ctor predictive of inducibility (p = 0.005). 
Programmed stimulation techniques and the induc- 
_ of ventricular tachycardia: The highest grade of 
\ducible ventricular arrhythmia i in each patient during 
the standardized pacing protocol was next evaluated. 
One patient had induction of VT during atrial and ven- 
tricular pacing, but only data for programmed ventricu- 
lar stimulation are included in analysis. No patient had 
induction of sustained VT with Sz or S2, S3 during sinus 
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significantly (p <0. 02) higher rate of inducibil 
ure 2). No correlation between the rate of VT and 
ber of extrastimuli required for induction was observed 
Three patients with congenitial heart disease had in: 
duction of sustained VT only during pacing at the out- 
flow tract, and 3 other patients were inducible only dur- 
ing isoproterenol infusion. Induction of sustained VT 
occurred with a drive cycle length of 600 or S00 ms in ~ 
15 of 18 patients. Use of the second drive cycle length 
of 400 ms was not systematically evaluated, as induc- | 
tion of sustained VT was the defined end point of test- | 
ing. The mean number of extrastimuli resulting in the 
highest grades of inducible ventricular arrhythmia did ` 
not differ significantly (Table 1). ; 
Induction of ventricular fibrillation: Five patients Or 
had induction of VF as a response to programmed stim- 
ulation: Two had been resuscitated from prior sudden 
cardiac arrest and 3 had syncope in association with ei- 
ther the long QT syndrome or Wolff-Parkinson-White 
syndrome. The induction of VF occurred with a dr 
cycle length of 400 ms in 4 patients and S; to S4 or Sy 
to Ss coupling intervals <190 ms in each patient (Fig- 
ure 3). The coupling intervals preceding induction of 
VF were significantly shorter than those preceding oth- : 
er ventricular responses (Table I). mes 
End points of programmed ventricular stimulation: __ 
Responses to programmed stimulation were reevaluat- 
ed, with any response 26 beats of nonsustained VT .o 
VF defined as significant. Overall, 40 of 55 patien 
(73%) had a positive response by this criterion, includ 
ing 15 of 17 with clinical VT. However, 7 of 15 syncope 
patients without cardiovascular disease or clinical ar- 
rhythmia also tested positive by this criteria (Figure 4). 
Morphology and reproducibility; The QRS mor- 
phology of inducible sustained VT was left bundle (n = 
10), right bundle (n = 3), and indeterminate (n = 5)» 
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` FIGURE 2. Number of extrastimuli re- 
. quired for induction of sustained ventricu= — 

lar tachycardia (VT). The use of 3 or 4 ex- 
. trastimuli significantly enhanced the in- 





ducibility of sustained ventricular : 
tachycardia (p = 0.02). No nerve be- 
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_ VT is infrequent in young patients.!® Thus, interpreta- 
tion of the responses to programmed ventricular stimu- 
lation in young patients, tested in accordance with adult 
_ protocols, must be questioned. In addition, differing 
_ Stimulation techniques are frequently utilized during 
__ electrophysiologic testing? This study was performed 
__ to systematically evaluate the responses to a standard- 
-ized protocol of programmed ventricular stimulation in 
“young patients. l 
-<o o Analysis of stimulation techniques: S, or S; stimu- 
lation sequences were required for the induction of sus- 
-tained VT in 15 of 18 patients in this study. The mini- 
< mal sensitivity of S3 or S, protocols in young patients 
ntrasts with studies of adults with coronary artery dis- 








to 


< ease, in whom $ 


induction rate: 
rates of VT in adults wi 
have been lower, compara 
ries 3-6 og S es 
The mechanism(s) of VT in young patients may 
fer, based, in part, on the presence or type of associated 
heart disease.””*? In addition, differing stimulation pro- 
tocols and responses to stimulation have been applied in 
the evaluation of these patients.23.24 Thus, comparison 
of studies in young patients is difficult, due to both dif- 
fering patients subgroups and stimulation protocols, 
Based on this study, we would predict low sensitivity for 
programmed stimulation studies restricted to S3 proto- 
cols. Similar results, suggesting increased sensitivi 
with aggressive protocols, have been reported by the Cc 
operative Study of Ventricular Arrhythmias in Postop- 
erative Tetralogy of Fallot.?5 ae 
The induction of VF in 5 cases during this study 
preceded by coupling intervals <190 ms deserves com- _ 
ment. As no patient had induction of sustained VT with 


i to he results dn 
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tested positive by this criterion. Fifteen of 

17 patients with clinical sustained VT and 
| § of 6 with nonsustained VT tested posi- 
tive. Seven of 15 syncope without identifi- 
- able heart disease patients also tested 
_ positive when nonsustained VT was de- 
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he induction of sustained monomorphic VT appears to 
ically significant in the young, even with stimula- 
tion incorporating up to 4 extrastimuli. Of the 18 pa- 
tients with inducible sustained VT, 12 had clinical docu- 
mentation of the arrhythmia and the other 6 had a pre- 
ntation compatible with this diagnosis. In addition, 
the induction of monomorphic sustained VT in young 
atients appears to be a reproducible response, as in 
adults. 

The clinical significance of polymorphic VT or VF is 
-less certain. In the survivor of aborted sudden death, 
- these responses may correlate with prognosis.” How- 
ever, in the absence of clinical correlation, or as a re- 
-sponse to brief coupling intervals, the significance of 

- such responses are uncertain.” 

Two end points of programmed stimulation were 
evaluated in this study: sustained VT and nonsustained 
VT or VF. Although the use of sustained VT as a posi- 
tive response limits sensitivity, the use of S4 or Ss proto- 
cols may result in false positive responses if nonsus- 
tained VT is accepted as significant.” Nonsustained VT 
‘may represent a positive response to less aggressive pro- 
tocols in the young, although we did not address this 
‘specific question. 

"Prospective studies are required to define the rela- 
tion of induction of nonsustained and sustained VT to 
uture events. Sensitivity is the primary issue in patients 

h documented sustained VT and the use of aggres- 
sive programmed stimulation appears warranted. Con- 
versely, specificity is paramount when patients without 
‘documented VT undergo electrophysiologic study?! In 
either subset of patients, the aggressiveness of the stim- 
ylation protocol and interpretation of results may need 

to be predicated on the specific clinical issue being ad- 
- dressed. 
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Seventeen patients with coronary ates disease, 
idiopathic dilated cardiomyopathy or no organic 
heart disease who presented with incessant ven- 
i tricular tachycardia (VT) were studied and followed 
for a mean period of 51 + 35 months. In these pa- 
-tients the incessant VT included 23 episodes of 
- sustained VT at a rate of > 120 beats/min and fre- 
quent episodes of nonsustained VT over a 24-hour 
«period. No patient had electrolyte disorder, pro- 
longed QT interval, drug-induced arrhythmia or 
‘myocardial infarction <2 weeks old. Six patients 
» died within 27 months of follow-up; 4 from sudden 
` death and 2 from acute myocardial infarction. 
Three of the 11 surviving patients had remission of 
their VT within 1 week after the diagnosis of inces- 
sant VT. In 3 other patients in whom antiarrhyth- 
mic s were discontinued during follow-up be- 
-cause of adverse effects of the drugs or other medi- 
eal reasons, 2 were found in remission. In the 
remaining 5 alive patients, deliberate attempts 
were made to discontinue the antiarrhythmic drugs; 
_ 4of these patients were found in remission when 
_ the drugs were discontinued. Thus, 9 of these pa- 
~ tients (53%) with incessant VT had remission over 
a mean follow-up of 55 + 34 months after discon- 
tinuation of the antiarrhythmic drugs. The proba- 
bility of remission in patients surviving incessant 
VT warrants trials of discontinuation of antiar- 
on drugs in these patients. 2 
i (Am J Cardiol 1990;66:831-836) 
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lenge to clinicians because the patients are frequent- 

ly incapacitated and because there is a compelli 
reason to suppress the arrhythmia quickly. The prevai 
ing practice is that, similar to sustained VT,'? once 
drug treatment of incessant VT is initiated, proved eb- 
fective and without serious adverse effects, no attempts _ 
are made to stop the drug in order to find out if the | 
patients with incessant VT are in remission. Our experi- 
ence in treating patients. with incessant VT indicates 
that a significant percentage of these patients in whom 
antiarrhythmic drugs are discontinued donot have VT _ 
any longer during long-term follow-up. This finding has _ 
modified our treatment approach for these patients. __ 


METHODS E 
Patients: Seventeen patients. were admitted to 


[eee ventricular tachycardia (VT) presents a chal- 


University of Ilinois Hospital and: West Side Vete 


Administration Medical Center between January 1977. 
and December 1987 with incessant VT that fulfilled the 
following arbitrary criteria: (1) Frequent sustained and : 
symptomatic episodes of VT (23 episodes in 24 hours) < 
occur in these patients. Sustained VT is defined as VT. 
lasting >30 seconds or causing hemodynamic compro: 


mise. (2) In between episodes of sustained VT, there are. 


frequent episodes of nonsustained VT (23 ventricular — 
ectopic beats in succession) and single or paired ventric- 


ular ectopic beats resulting in total ventricular ectopic =- 


beats in 24 hours more than total sinus beats. (3) The 
incessant period lasts >24 hours. (4) Rates of VT ex- 
ceed 120 beats/min. (5) Patients with electrolyte disor- 
der, prolonged QT interval (QTc >0.44 second), sus- 
pected drug-induced arrhythmias or myocardial infarc- 
tion <2 weeks old were excluded from. the ‘series. 
Special efforts were made in these patients to rule out. 
drug-induced arrhythmias by discontinuing all antiar- 
rhythmic drugs for 224 hours (or 24 elimination half- 
lives) and by confirming the persistence of incessant VT 
despite discontinuation of the drugs. In addition, in 3 


patients who had been treated with procainamide and in. 


4 patients who had been treated with procainamide and 
lidocaine by the referring physicians, procainamide lev- 
els obtained at the time of admission of these patients 
were <3.0 ug/ml and lidocaine levels were <1.0 ug/ml. 
In all 6 patients receiving digoxin before the episode of 
incessant VT, the dose of the drug had been stable for 
at least 1 month and the ie at the time of hospital % 
admission was <2.0 ng/ml. : 
: Evaluation of patients: All patients were monitored 


electrocardiographically during the entire € period ofi in- - 
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Cardiac : Duration of dboessant oo LVEF 
“Diagnosis Symptoms Preincessancy VF (Days): Chy 
pede “BOM CAD P.S 3 Weeks 2 43 STOT R¢ 
aes 60M CAD pP, D 1 Month 2 34 97 
3. 65F CAD P, CA 5 Years 3 48 13 Died 
A 68M CAD P 2 Months 1 21 12 Died 
Be 69F CAD P.S 6 Years 2 66 23. Died 
6. 71M CAD P, CA 3 Years 2 17 22 Died a 
Gard 74M CAD P 0 Day 3 58 16 R13 mo) A 
e 82M CAD P,D,S 1 Year 2 47 41 RBE mo Les 
REA 17F IDC P 2 Months 2 47 87 R(59 mo). 
10 30F IDC P,D 7 Days 3 48 18 R(14 mo) 
oad 31M IDC P 15 Years 1 Al 78 “NR 
rae Wea ALF IDC P 2 Years 2 47 67 NR 
13 72M IDC P 5 Months 3 31 6 Died 
cas ZIM (6 P 6 Months 1 50 57 R (52 mo) 
YS... 27F (0) P 2 Years 1 56 102 R(102 mo} 
| ote 41M o P.D 1 Year 3 67 96 R(96.mo) 
PVT 68M oO P.D 3 Years 1 59 27 ‘Died: 
oe a ÇA = cardiac arrest; CAD = coronary artery disease; D = dizziness; IDC = idiopathic dilated cardiomyopathy: LVEF = left ventricular ejection fraction; NR not inremission, <i : 
“taking antiarrhythmic drugs; O:= no organic heart disease; P = palpitations; R = in remission. not taxing antiarrhythmic drugs (numbers in parentheses are-the length of time in 
“months the patient was in-remission), S = syncope; VT = ventricular tachycardia, : 




























cessant VT. Holter monitoring was also done before and 
_ after administration ef oral antiarrhythmic drugs. Thir- 
~ teen patients had treadmill testing and all underwent 
_ gated radionuclide ventriculography to measure left 
ventricular ejection fraction. Cardiac catheterization 
d coronary angiography were performed in 15 pa- 
‘tients. Programmed ventricular stimulation was per- 
formed in all patients according to a previously de- 
scribed protocol, 3 in 14 patients when incessant VT had 
opped and in 3 during the period of incessancy. In 8 
patients who did not have inducible sustained VT with 
_ this protocol, programmed ventricular stimulation was 
repeated during intravenous isoproterenol infusion (1 to 
4 pg/min). No cardiac surgery or transcatheter abla- 
tion was performed in any of these patients during the 
- follow-up. 
`; After explaining the investigative nature of the pro- 
tocol including the risks and benefits and after signing 
an informed consent, asymptomatic patients who had 
no sustained or nonsustained VT during the follow-up 
while taking antiarrhythmic drugs were hospitalized, 
electrocardiographically monitored and had the drugs 
discontinued. Electrocardiographic monitoring was con- 
tinued for 25 elimination half-lives of the drug. In 1 
patient in whom amiodarone was discontinued, the pa- 
tient was electrocardiographically monitored for 10 
- days. Treadmill stress testing, Holter monitoring, pro- 
grammed ventricular stimulation were performed in all 
patients at the end of the electrocardiographic. monitor- 
g period. The patient who had received amiodarone 
was rehospitalized for a repeat of the aforementioned 
ests 6 months after discontinuation of the drug. 
_ Remission was suspected if, on discontinuation of 
the antiarrhythmic drugs for >5 elimination half-lives, 
no recurrence of sustained or nonsustained VT occurred 




































patients were considered m remission. if they. were free 
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and a previously inducible sustained VT could no longer. 
be induced by programmed ventricular stimulation. The 
n before the pees ofsi sust ned yT was controlled 





of symptomatic ventricular arrhythmias ¿for 212 7 
months of follow-up and repeated Holter. monitoring ae 
showed neither sustained nor nonsustained VT. 


RESULTS es 
Patient characteristics: Table | lists the clinical a 
characteristics of the 17 patients. In this table, each pa- ` 
tient is indicated by a number that will be used through- ` 
out. At the time of the appearance of the incessant VT, 
the patients were 17 to 82 years of age (mean 53 + 21). 
Six patients were women and 11 were men. Five pa- 
tients had a diagnosis of idiopathic dilated cardiomyop-. 
athy on the basis of low left ventricular ejection fraction: 
(normal 55 to 70%) and the absence of significant val- 
vular lesions on cardiac catheterization or coronary ar- 
tery obstruction on coronary angiograms. Eight patients 
had a diagnosis of coronary artery disease on the basis 
of history and electrocardiographic evidence of prior’ © 
myocardial infarction and/or significant coronary ar- 
tery cbstruction associated. with angina pectoris. Four 
patients had no diagnosable organic heart disease on the 
basis of normal cardiac findings during clinical exami- . _ 
nation, absence of significant coronary artery obstruc- 
tion or valvular lesions during cardiac catheterization, 
and normal left and right ventricular ejection fractions 
by radionuclide or contrast angiograms. The average 
left ventricular ejection fraction in the 17 patients was. 
46 + 14%, oe 
All patients except patient 7 had a history of symp- 
tomatic -ventricular premature. beats or nonsustained. 
VT 7 days to 15 years before onset of incessant VT. _ 
Patients 5, 8 and 11 also had previously documented 
sustained VT. Patient 7 had incessant VT as the initial 
presentation of the ventricular arrhythmias. Palpitations 
were reported by all patients. Three patients had synco- 
pal episodes and 2 were: successfully resuscitated from 
an episode of cardiac arrest. The duration of incessan’ 
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< with antiarrhythmic drugs or it spontaneously ceased 
(range l to 3 days, mean 2.0 +-0.8, Table 1), 

Thirteen patients underwent treadmill testing: in 3 

while recurrent episodes of nonsustained VT and fre- 

uent ventricular ectopic beats were still occurring and 

other 10 when episodes of sustained or nonsus- 

ined VT were suppressed by drugs or had spontane- 


US. disappeared. During exercise, VT was. suppressed: 


| 2 of the 3 patients with episodic nonsustained VT. 
ustained VT at a rate of 180 beats/min was induced 
uring exercise in the other patient. There was no VT 
uced during treadmill testing in the remaining 10 pa- 
ents including 2 patients with a history of exercise- 
induced VT. 
All except 2 patients (patients 6 and 8) underwent 
_ cardiac catheterization and coronary angiography. The 
4 patients with no organic heart disease in Table I had 
a ely normal findings. Six patients.(patients 1 to 5 
and 7) had 1 to 3 significant (>70%) coronary artery 
_ narrowings. In addition, 4 patients (patients 1, 3, 4 and 
i 7) had significant regional wall motion abnormalities. 
siologic characteristics. of ventricular 
tachycardia: Table II lists the important electrophysio- 
_ logic characteristics of the sustained VT. The cycle 
lengths during sustained VT ranged from 280 to 500 ms 
(mean 392 + 67). Figure 1 illustrates:the rhythm strip 
of patient 10 during the period of incessancy. During 
_ this period, episodes of sustained and nonsustained VT 
were interspersed by sinus beats and ventricular ectopic 
_ beats. Rapid ventricular pacing during spontaneous or 
induced sustained VT at a rate faster than the rate of 
the VT resulted in overdrive suppression, defined as pro- 
ngation of VT cycle length by >50 ms, in 3 patients, 


ducible sustained VT. Three of these patients had cor 
nary artery disease and 1 patient. had idiopathic dila ed 
cardiomyopathy. 

On 77 different occasions, various drugs includin 
procainamide, quinidine, disopyramide, lidocaine, m 
letine, tocainide, flecainide, encainide, propranolol, ami 
odarone, bretylium, verapamil and aprindine were test 
ed in an attempt to.control spontaneous sustained VT or 
to prevent induction of sustained VT. The average n 
ber of drugs used in each patient was 4.5 + 2.2 dru: 
(range 1 to 7 drugs). Among the most frequently ef! 
tive drugs were aprindine which controlled the tach 
cardia in 5 of 6 drug testings, procainamide i in 3 of 8, 
disopyramide in 2 of 8 and encainide in 2 of 4. In 3 
patients (patients 1, 6 and 17) amiodarone was begun 
when other drugs proved to be ineffective. In these pa- 
tients episodes of sustained VT were not seen after the — 
administration of amiodarone. He 

Follow-up: The follow-up period, measured from th 
time of diagnosis of incessant VT to the last conta 
with the physician or to the time of death, ranged fi 
6 to 102 months (mean 51 + 35, Table I). All patients 
alive at the end of the follow-up period had been fol- 
lowed for >1 year. During follow-up 6 patients (3: 
died: 4 suddenly and 2 from acute myocardial inf 
tion. 

The outcome of other patients that were alive 
end of their follow-up i is shown in Table I. Spontaneous 
remission occurred in patients 2, 15 and 16 within | 
week after the diagnosis of incessant VT. These patien 
were found to be in remission during baseline Ho 
and electrophysiologic studies. Follow-up Holter m 
torings and treadmill stress tests in these patient 
lowed for 97, 102 and 96 months revealed onl 


quent single ventricular premature beats. 






































the previously mentioned results; patients 8 and 9 were 
given oral procainamide therapy. Patient 8 developed 
-new signs and symptoms of congestive heart failure 
- when he was taking procainamide, 4 g/day. Because of 
these findings, procainamide was discontinued 3 months 
after the diagnosis of incessant VT. In patient 9, pro- 
- cainamide had to be discontinued 28 months after the 
_ diagnosis of incessant VT to avoid undesirable side ef- 
- fects to her fetus during her pregnancy. These 2 patients 
were found to be in remission during 38 and 59 months 
-after procainamide had been discontinued. 

Patient 12 continued to have palpitations due to sus- 
tained VT at a rate of 100 to 120 beats/min while she 
_ was taking mexiletine and propranolol. Because of lack 
_ of complete control of symptom by this regimen, an em- 

_ pirical trial of flecainide was begun. The patient contin- 

ued to have episodes of mild palpitation and dizziness 
with flecainide. This patient did not go into remission. 
From the aforementioned data, it became clear that, 
_ retrospectively, of the 6 surviving patients in whom anti- 
arrhythmic drugs were discontinued for a variety of rea- 


<= gons, 5 were in remission. On the basis of these findings, 


attempts were made to discontinue the antiarrhythmic 
drugs in the remaining 5 surviving patients (patients 1, 
7, 10, 11 and 14). These patients had been asymptomat- 
ic with amiodarone (patient 1), encainide (patients 7 
and 10), aprindine (patient 11) and quinidine (patient 
<14). Patients 7, 10 and 14 who had been asymptomatic 
-with antiarrhythmic drugs for 3, 4 and 5 months did not 
-have spontaneous or induced sustained VT after the dis- 
continuation of the drugs. These patients remained 
_ asymptomatic without any antiarrhythmic drugs for 13, 
14 and 52 months, respectively. Patient 1 who had been 
-< asymptomatic with amiodarone for 81 months after the 
diagnosis of incessant VT was admitted after amioda- 
rone had been discontinued for 1 week. Stress testing 
and programmed ventricular stimulation when amioda- 
rone had been discontinued for 17 days failed to show 
spontaneous or inducible sustained VT. A repeat of 
studies 6 months later confirmed that the patient was in 


< o remission. The patient remained asymptomatic without 


“amiodarone during a follow-up of 20 months. Patient 11 
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nfusion of procainamide. On the basis of had aprindi 
sis of incessant VT. 














"recurred on the fi fth day after 
the drug had been discontinued. Aprindine : was restart- 
ed and the patient continued to be asymptomatie. 








DISCUSSION 


We describe the long-term course of a group of pa- 
tients with diverse cardiac conditions who presented. —__ 


with a malignant ventricular arrhythmia. The ventricu- 
lar arrhythmia in these patients was classified as inces- 

sant VT for lack of a more accurate term, although | 
there has been no consistency in the definition of this. 
term.** For example, Garson et alt defined incessant 

VT as the presence of VT occurring in >10% of.a 24- 

hour monitoring period, whereas Lemery et al? defined 

incessant VT as VT present for at least one-half of each 

of 3 days. Other investigators described repetitive VT 

that represents episodes of VT, mostly nonsustained, in- 

terspersed by short periods of sinus rhythm.®-!8 In this 

study, we described patients that had a more malignant 

condition, because we have included in our inclusion cri- 

teria the presence of 23 episodes of symptomatic sus- 

tained VT during a period of 24 hours. Paradoxically, 

however, despite the malignant course of this condition 

in some patients, we found that 9 of 11 surviving pa- 

tients went into remission during the follow-up. Most of 
these patients who went into remission had ventricular 

arrhythmia before the incessant VT and were complete- 

ly “cured” of the arrhythmia during a long-term follow- 

up. 

In this study the time of onset of remission in these 
patients could not be accurately determined. In 3 pa- 
tients, remission was detected within | week after the 
episode of the incessant VT. In other patients, antiar- 
rhythmic drugs were discontinued at a later time be- 
cause of certain medical reasons or on deliberate at- 
tempts by the investigators to determine whether the. 
patients were in remission. It is possible that these pa- 


tients might have gone into remission much earlier than \ 


the time we actually discontinued the antiarrhythmic 
drugs. For example, during hospitalization for the inces- 
sant VT, when drug testing was performed in these pa- 
tients, remission might have been interpreted as success- 


FIGURE 1. Rhythm strip (lead ll of the elec- 
trocardiogram) of patient 10 during the peri- 
od of incessancy. During this period, episodes 
of sustained VT lasting about 1 minute (from 
the end of upper trace to the fourth trace) 
and nonsustained VT (upper trace) are inter- 
sporsed by sinus beats and ventiicular ectopic 
beats. 
























ession of the incessant 
: The low incidence o 


yan antiarrhyth- 
ity of VT (only 
mmed ventricular 
lation might suggest abnorma automaticity as the 
underlying mechanism of VT in these patients.'® How- 
_ ever, another likely explanation for the low incidence of 
: inducibility i is that some of our patients were already in 
_ remission at the time of programmed ventricular stimu- 
~ lation. — 
o. In previous studies other investigators have described 
-changes in manifestation of various types of ventricular 
arrhythmias. Remission has previously been reported in 
_ patients with repetitive VT.1%-1218 In addition, 1 of 11 
_ patients with incessant VT reported by Lemery et al5 
_ developed a “spontaneous cure.” The reported incidence 
-of remission in these patients, however, might be lower 
_ than the true incidence, because no attempt was made 
~ to discontinue previously effective antiarrhythmic drugs. 
_ Changes in frequency of single and paired ventricular 
ectopic beats and VT over time have also been report- 
ed.!?-?! Changes in the results of programmed ventricu- 
_ lar stimulation have also been reported.?23 Also in this 
context, a follow-up study of patients that received 
automatic implantable defibrillators: showed that in 
. >50% of patients who had received the device, electrical 
-discharge never occurred or occurred. because of events 
` other than ventricular arrhythmias.4 The interpretation 
of this may be that some of these patients were proba- 
‘ n Temission and may not have needed the expensive 

































‘Clinica implications: In current medical practice, 
ysicians who initiate antiarrhythmic drugs i in patients 
ventricular arrhythmias would continue the drugs 
finitely unless adverse effects occur, the drugs are 
no longer effective or other medical reasons dictate dis- 
continuation of the drugs. In malignant ventricular ar- 

rhythmias, there is an obvious reluctance for a physician 
| to try to discontinue antiarrhythmic drugs, because of 
“concern that the recurrence of the arrhythmias may 
prove fatal. For example, Graboys et al*5 reported a 
- high recurrence rate of malignant ventricular arrhyth- 
- mias in patients with sporadic VT when drugs that 
_ proved effective in suppressing the ventricular prema- 
_ ture beats were discontinued. However, one could make 

a strong case for stopping antiarrhythmic drugs that are 
clearly not needed. Most antiarrhythmic drugs have 
multiple side effects. Even when these drugs show a lack 
of intolerable side effects initially, they may become 
: more apparent and intolerable during follow-up.2627 
-The most. dreaded side effect is worsening of the ar- 
- rhythmia (proarrhythmia), a potentially lethal condi- 

tion. For example, in the recent Cardiac Arrhythmia 

Suppression Trial, 2 potent antiarrhythmic drugs (fle- 
-cainide and encainide) used to treat ventricular ectopic 
_ beats after myocardial infarction have been associated 
with increased mortality.2 For the previously men- 
tioned reasons, patients taking antiarrhythmic drugs 
ould be followed closely with clinical examinations 
tests that may not be needed for patients 
ing antiarrhythmic drugs. The Price of the drugs 
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: matory tests can n be translated nto high medi 
for these patients. = : : 
In the patients reported. here» we were ble to dica 
tinue antiarrhythmic drugs without any subsequent a 
verse sequelae. The appearance of incessant VT has 
been our clue as to whether remission is a possibility, 
The current study shows that much still needs to be 
learned on the proper initiation and discontinuation of 
antiarrhythmic. drugs for malignant arrhythmias: 
Based on the results of this study in a limited number of 
patients with incessant VT and diverse cardiac condi- — 
tions, we recommend that a patient with incessant VT _ 
not associated with acute myocardial infarction or other 
reversible causes be treated with an antiarrhythmic 
drug during the acute episode. The patient should then — 
be discharged on the antiarrhythmic drug proved to be _ 
effective during hospitalization. During follow-up, if the — 
patient remains asymptomatic and free of documented _ 
VT with the drug, a trial of discontinuation of the drug 
in the hospital and in a monitored area should be per- _ 
formed to determine if the patient is in remission. If on 
discontinuation of the drug there is no evidence of exist- 
ing malignant ventricular arrhythmias, close follow-up 
should then be continued on an outpatient basis. Until « 
further study in a larger population, it is not clear which | 
patients will or will not go into remission. It is also un- 
clear when remission in patients with incessant VT most 
commonly occurs. Our initial impression is that patients 
with a brief history of ventricular arrhythmia before the 
incessant VT probably have a higher chance for remis- 
sion during follow-up. ; 
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© From 1973 through 1987, 155 radioisotope-pow- 


~ ered “nuclear” pacemakers were implanted in 132 
"patients at the Newark Beth Israel Medical Center. 
_ The longevity of the first 15 devices, all of which 
_ were fixed-rate (VOO) pacemakers, was signifi- 
-cantly better than that of 15 lithium-chemistry de- 
mand (VVI) pacemakers used as control devices (p 
= 0.0002). Of the entire cohort of 155 nuclear 
` pacemakers, 136 were VVI devices and 19 were 
-VOO units. The patients with VOO pacemakers 
-. needed reoperations more often than did those with 
MVI pacemakers, chiefly for mode change (p 

: <0.001). Power-source failure was observed in 
only 1 case, but 47 nuclear pacemakers were re- 
moved for other reasons, including component mal- 

function (15 units), mode change (12 units), high 
pacing thresholds (8 units) and lead or connector 
ems (5 units). The actuarial survival at 15 

‘was 99% for power sources and 82% for the 

entire pacing systems (pulse generators plus leads). 












> The frequency of malignancy was similar to that of 
__ the population at large and primary tumor sites 








-were due to cardiac causes (68%). Thus, nuclear 
- pacemakers are safe and reliable and their greater 
_ initial cost appears to be offset by their longevity 
` and the resulting decrease in the frequency of re- 
operations. It is reasonable to suggest that further 
use be made of long-lasting nuclear power sources 
for modern pacemakers and other implantable 
-orhythm-management devices. 
3 (Am J Cardiol 1990;66:837--842) 
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"Whe radioisotope-powered “nuclear” pacemaker 
l pulse generator was introduced almost 20 years 
ago to meet an indisputable need for a reliable, 
long-lived power source for implantable pacemakers. 
Despite a favorable experience with their use, very few 
have been implanted since 1983 and all manufacturers — 
except 1 have ceased production.’"!'! In 1988, a new | 
dual-chamber (DDD) version became available after its 
use was approved by the Nuclear Regulatory Commis- 
sion (NRC) and the US Food and Drug Administration © 
(FDA). (Pacing modes referred to in this report [DDD, _ 
VOO, VVI, VAT, VVIR] are designated according to- 
the North American Society of Pacing and Electrophys- 
iology / British Pacing and Electrophysiology Group Ge- 
neric Code!), This has prompted a review of our expe- 
rience with the earlier devices and a reappraisal of nu- 
clear power sources for implanted devices in the context 
of today’s pacing innovations, Because the mercury-zin 
cells used in the earliest implanted pacemakers laste 
for such a short time, typically about 18 months, th 
need for a new. power source was evident. Various ma 
ufacturers then worked on the development of radioiso- 
topic power supplies for implanted pacemakers, inclu 
ing Numec (later Arco Medical Products Company 
Biotronik, Cordis, Coratomic and Medtronic in associ: 
tion with the Alcatel Company in France. Several iso- 
topes were evaluated for feasibility and safety in this 
application. Eventually, plutonium-238 was selected. as 
the isotope of choice. The thermal energy (heat) of the 
isotope was transformed into electrical energy through 
a bismuth-telluride thermopile, forming a thermoelec- _ 
tric generator. (Other types of energy sources also had 
been considered, such as the 8-emitting promethium- 
147 source developed by Biotronik, but only the plu- 
tonium versions achieved any level of clinical accep 
tance, 1013,14) 
The first nuclear pacemaker was implanted _ in 
France in April, 1970.3'5 None was implanted in the 
United States until April 1973, when 15 were implanted 
at this institution and 1 was implanted in Bethesda.'¢ 
Since then, >3,000 have been implanted worldwide. A- 
final report on that entire experience has never been 
published, although some results can be found in pace- 
maker manufacturers’ in-house reports (additional [un- 
published] data from Telectronics/Cordis Pacing Sys- 
tems).*'’ The results of our own experience with nucle 
ar pacemakers during the first 10 years were reported in 
1984.'° This report describes our experience with | 
first 132 patients followed over a period of 15 yea 






ABLE Ii Comparison of Group | and Control Group 
Control Subjects 


Ne. 15 15 
< Pacing mode wi voo 
Pulse generators /patient 
2 Mean (SD) 2.9 (1.6) 1.40.5) 
=o Range 1-7 1-2 
=< Pulse-generator longevity (months) 
Mean (SD) 29.6 (16) 105.8 (67) 
nocti Range 3-61 24-180 
1 Pulse-generator failures 
Power-source depletion 13 (86%) 
Component 1 
Infection 1 
Patient status 


4 
8 
1 


Group! (n = 15) Group Il én = 132) 


New New Same Nuclear New 
Explanted Nuclear Lithium No. Explanted Reimplanted Nuclear: Li 


Lead malfunction 50t 8 

| Threshold rise 19 7 

15 15 
yotts* 104 

7 4 

5 3 


3 
1 


y primary reason listed-—-those with secondary problems are annotated. 
also required mode change: '3 had incidental problems, unspecified; Š 2 also required mode:change: È 1 also required mode change: ** 2 also had pocket twitch, 116 had, 
dental problems, unspecified; ** 2 of 4 additional VOO pacemakers also needed mode change: $94 also required mode change; 11 explanted elsewhere, not replaced; ** 2 pulse 
rators repositioned elsewhere; 1 defunctionalized lead extracted; t including 5 Jead fractures, 4 in group |; *** due to overlapping conditions, not all columns included in totals: 
EMi = electromagnetic interference. 


_ METHODS There were 132 patients,.82 (62%) men and 50. 
ents were selected for nuclear-pacemaker im- (38%) women, mean age 49 years (range 5 to 76). Thir- _ 
plantation in accordance with a protocol established by _ ty-seven patients (28%) were <40 years old. The pacin; 
Atomic Energy Commission (AEC), the NRC and mode was VOO (fixed rate) in the first 19 patients and 
YA. They were to be relatively young and free of e 
associated diseases that might limit their survival, so 
that they had a life expectancy of 210 years. They also dual-chamber devices; th 
ee to abide by the follow-up schedule, which term analysis.) 









The first Arco pacemakers were bulky; 32 mm 


ors were < even heavier (170 2), but thinner (27 mm). 








: eceptable shape, but still was quite large by to- 
day's standards (61 g, 19 mm). All but the Medtronic 
_ pacemaker were unipolar systems. Because of our pref- 
erence at the time for unipolar pacing, many of the bi- 
_ polar Medtronic units were unipolarized by connecting 
< an implantable ground plate to the anodal terminal, 
which added some bulk to the pacing system. 

= One hundred twenty-four. implants: were ` trans- 
— venous, with 70 pulse generators attached to new leads 
and 54 to existing ones. Eight were attached to epicardi- 
al leads, 4 new and 4 existing. 

-o indications for pacing: The electrocardiographic in- 
: dications for pacemaker implantation were fixed or in- 
_ termittent complete heart block (including symptomatic 
_ trifascicular block), present in 86 patients (65%), symp- 
tomatic sinus-node dysfunction in 25. patients (19%), 
_ and miscellaneous indications in 21 patients (16%), such 
as atrial fibrillation with varying degrees of atrioventric- 
: ular (AV) block and sinus-node dysfunction with AV 
` block. 

< Co-morbidities existed in 48 patients. Arteriosclerot- 
iç cardiovascular disease or cardiomegaly was present in 
27 (20% of cases), congenital heart disease in 10 (8%), 
curoni obstructive pulmonary disease in 5 (4%), recent 
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~ FIGURE 1. Cumulative actuarial survival = 60} 
< of first 15 patients who received fixed- Q. 

_ rate (VOO) nuclear pacemakers, compared © 40+ 
with 15. control subjects who received 2 
_ nonnuclear VVI pacemakers. NS = differ- Š 
-ence not significant. ğ 20+ 











-but apparently cured or relativel 


nd 120 g in mass. The Medtronic pulse genera- nancy i in 4 (3%), and postoperative open-hea sur 


The ovoid Coratomic unit was the smallest and had the — 


in 3 (2%: aortic-valve replacement, mitral-valve repla 

ment and ligation of the His bundle). Two patients 
(2%) had mild chronic renal failure and 2 had postmy. 
carditis cardiomyopathy., Twelve patients (9%) had 2 
co-morbidities. p 
























RESULTS as 

The patients were considered in 2 groups. Group 1 
comprises the first 15 patients, all of whom received 
VOO (fixed-rate) Arco Nu-5F pulse generators; group 
II comprises all patients who received nuclear pulse 
generators, including those in group L The 15 patients - 
in group I were matched prospectively with 15 control 
subjects, all of whom received. lithium-powered. VVI 
(demand) units. At the time of the first implantations, _ 
VVI nuclear pacers were not available, a situation that 
lasted through the next 4 VOO implantations, (These 
have been described in more detail in a previous. publi- 
cation.'9) Thus, although the patients were well 
matched, all of the nuclear-pacemaker group had VOO 
pacemakers, whereas all of the control subjects had 
VVI devices powered by lithium-iodide batteries. = 

Group I (nuclear VOO): The actuarial survival of the — 
patients and the. pulse generators is shown in Figures 1 
and 2. The patient survival in the nuclear-pacemaker 
group was better, but the difference was not statistically. 
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FIGURE 2. Cumulative survival of first 15 


60 + 
nuclear pulse generators, compared with 
-15 nonnuclear control pulse generators, 40 | 
reflecting the results of explantation for 
_ any reason. 20 
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Withdrawn 
(h) 
20 (54) 
20 (34) 
8 (35) 
18 (50) 
66 (42) 


10(27) 
29 (49) 


3724) 
59 (38) 
23 (15) 11 (48) 
3623) 1439) 
O 155 (100) 6442) 
ož Survival = 82%, 
LEU lost to follow-up. 


18(11)* 





ificant. As listed'in Table II, the mean longevity of 
first 15 nuclear devices was 3.6 times that of the 15 
ium-powered VVI pacemakers used as control de- 
vices, none of which remains in use. Nine of the first 15 
patients are alive; 5 (33%) still have their original pulse 
enerators. 
Three nuclear pulse generators were replaced with 
v nuclear units. Three were explanted primarily be- 
ause of competition between the fixed-rate pacemaker 
timuli and spontaneous cardiac activity, 1 being re- 
laced with a new VVI nuclear unit and 2 with lithium- 
owered VVI pacemakers. Two of the control patients 
also eventually received nuclear pacemakers. 
Group Il (all nuclear pulse generators): One hun- 
fifty-five pacemakers were implanted in the 132 
tients; 21 patients received a second nuclear pulse 


ardiac ; 
Sudden death ; 
Cancer 
Pulmonary 
CVA 
Accidental 
Unknown 
Total 


CVA = cerebrovascular accident. 


generator and 2 received a third (Table Ill). Five of 
the original 19 VOO units (3 of the first 15) were re- 


placed primarily for change of mode. Seven addition- a 
al pulse generators were replaced by lithium-powered _ 


dual-chamber devices (6 DDD and 1 VAT) and 2 by 
lithium-powered single-chamber adaptive-rate (VVIR) 
pacemakers. There was 1 power-source failure, but 6 
nuclear pacemakers continue to function satisfactorily, 
with an actuarial survival of the pacemaker system of | 
82% at 15 years (Table IV and Figures 3 and 4 
Forty patients have died (Table V). The a 
survival of the patients is shown in Figure 5. ° 
common cause of death was cardiovascular. 
(68%), primarily cardiac disease (47%). There were 
9 sudden deaths (22%), presumably also cardiac in | 
gin. Malignant tumors accounted for 7 deaths (17 
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FIGURE 4. Cumulative survival of 1. 
clear pulse generators used in primary 
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plantation in 4 patients. The tumors had been consid- 
either arrested or suffi ciently slow-growing | to justi- 
y the inclusion of these patients in the study. One of 
hose 4 patients died of the tumor at 84 months, 1 died 
cardiac disease and 2 are alive. 

(Eight recently developed DDD Heo 
models incorporating the same radioisotopic power sup- 
_ ply, have been implanted within the past year {“Pulsar- 
_ NI,” Biocontrol Technology, Inc.]. There have been no 
me failures, complications or deaths.) 


oS DISCUSSION 
_ When radioisotopic pacemakers were first conceived, 
a there was little doubt that they would perform as well as 
predicted, particularly with regard to the nuclear gener- 
ator itself. The concept was relatively simple and had 
been extensively tested in earlier applications such as 
-the “SNAP II” generator that was used tó power ocean 
_ buoys. But one of the serious concerns of the NRC and 
FDA was the possibility that prolonged exposure to ra- 
_ diation would be carcinogenic. This concern, persisted 
despite much theoretical and physical evidence that the 
radiation dosage was well within accepted limits.'9.29 
< For example, Webster?! concluded in a report to the 
_ FDA that the radiation dose to the breast resulting 
_ from a single fluoroscopically-controlled replacement of 
a nonnuclear pacemaker by a skilled operator would be 
about 1.6 times as great as the estimated dose from 15 
ears of nuclear pacing (about 11.6 times as great with 
a less experienced operator). He also determined that, 
for a pectoral implant, the annual radiation dose antici- 
pated from an isotopic pulse ‘generator is 10% of the 
maximum permissible occupational dose of 15 REM 
e per year. Thus, it is comforting to observe that there 
- were only 7 new cases of cancer in 132 patients (5%), 
y approximately what is to be expected in such a popula- 
“tion during the period of the study.?? Furthermore, 
there was no apparent relation between the location of 
‘the pulse generator and the site of origin of the neo- 
a plasms. 
<o The nuclear pacemaker has lived up to its initial ex- 
pectations and has met the objectives of the original 
protocols in that the actuarial survival at 10 years was 



















: FIGURE 5. Cumulative survival of all 132 
_- patients who received 1 or more nuclear 
a _— generators. Dotted line represents 
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ce of a malignane: was known at the time of o : >90% Gt 15 years its wás 82%), a ənd that m: 


"years. It is unlikely that there will be any new or un 








pacemakers continue to function normally « even aft 


pected complications. Because the radioisotope has 
half-life of 87 years and the electronic circuits are ex- 
pected to function normally through >1 half-life of the 
isotope, the pulse generators that remain active should 
continue to function for some years. 

Many of the problems encountered with the first 
generation (VOO) and second-generation (VVI) device: 
are not likely to be seen in future models, because com: 
ponent failures have become progressively rare in virtu: 
ally all of today’s pacemakers. Such reliability is evident _ 
in the periodic multicenter Bilitch Reports, which — 
have shown that many modern nonnuclear pulse gener- 
ators exhibit an entirely normal function at 6 or 7 years. 
In this study, only 1. power-source. failure occurred and 
that failure was due to a problem in the thermopile (not. 
the isotope). The reliability of the nuclear power source 
is attested to by the actuarial survival of 99% at. 5 
years. : 
The pacemakers were replaced for a variety of rea- 
sons, most of which would not be seen in a new genera- 
tion of devices. Competing rhythms and inappropriate 
modes would be avoided by a wider ‘choice of noncom- 
petitive modes that were not available to us years ago 
The mix of pacing modes would then be the same as 
that of other modern. pacemakers: 20 to 30% dual- 
chamber modes, 10 to 15% adaptive-rate modes (mainly 
VVIR) and almost all the rest VVI.” 

Other drawbacks of the early nuclear pulse generas _ 
tors used in this study, such as excessive size, would no’ 
be seen in the future. Although nuclear pulse generator 
might be considered too large for some patients, the size 
of the 8 new nuclear dual-chamber devices implanted a! 
this institution was found entirely acceptable by the pa 
tients who received them. Even if size were a consider- 
ation, would not most patients accept a pacemaker that — 
will last 20 years without the need for replacement, 
rather than receive 2 or 3 pacemakers during the same _ 
time period along with the attendant cost of the surgery 
and the device, as well as the risk of complications? ~ 

Although it may be argued that future advances in. 
technology might make desirable pacing functions avail- 
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able well before : 
otherwis be mem it should be remembered that 


: The a required by the FDA certainly could 
be decreased, now that it has been shown beyond any 
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lignancy in this group of patients. 
<- Finally, the cost of pacing would be reduced. Al- 
though the first implants in 1973 were considerably 
more expensive than their mercury-zinc VOO or VVI 
‘counterparts, the relative freedom from reoperations in 
the long run made the cost of nuclear pacing considera- 
aly lower than that of conventional pacemakers. The 
ual-chamber nuclear pacemaker most recently im- 
‘planted at this institution cost only $750 more than its 
it chemistry counterpart. Some advanced pace- 
makers are also relatively power-hungry, because they 
incorporate circuitry for capabilities beyond simple pac- 
-ing and sensing, all of which require electric power for 
i their operation. Such capabilities include dual-chamber 
modes, rate-modulation schemes and automatic stimu- 
Jation-threshold tracking (some of the newer lithium- 
ered pulse generators have been made larger than 
r predecessors to accomodate batteries of greater ca- 
city, and some are even more expensive than the cur- 
nt nuclear pulse generator). Power from the nuclear 
urce will not be exhausted by complicated circuits be- 
the nuclear source is not a storage battery, but a 
thermoelectric generator whose available energy capaci- 
determined largely by the half-life of the isotope 
and does not depend upon the amount of current drawn 
~ by the circuit, provided that current does not exceed the 
conversion capabilities of the thermopile. 
Based upon the positive results reported in this series 
of 132 patients over the past 16 years, it is our opinion 
“that abandonment of the nuclear power source has been 
-: unwise and uneconomical. Others have agreed with this 
- contention.'° Only one manufacturer still has a few 
_ dual-chamber pulse generators on hand. It is doubtful 
that they will manufacture any more unless there is a 
reasonable chance that there will be a market (D. 
Purdy: Biocontrol Technology, Inc. [formerly Car- 
atomic, Inc.], personal communication). It is hoped that 
changes in the attitude of the medical community will 
_ make it possible for them to reconsider. 
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To define the effects of 2 months of metoprolol 
‘therapy on cardiac function, aerobic performance 
and sympathetic nervous system activity, metopro- 
| (75 to 100 mg/day) was administered to 10 pa- 
tients with chronic congestive heart failure (CHF). 
Metoprolol was discontinued in 2 patients because 
-of worsening CHF. In the remaining 8 patients, 
peak oxygen uptake increased significantly (14.8 + 
„1 + 2.5 ml/kg/min, p <0.05) as did the 
oxygen pulse (9.0 + 2.2 to 12.6 + 1.8 mi/beat, p 
0.02). Resting heart rate (87 + 18 to 62 + 9 
ats/min, p <0.05) and peak exercise heart rate 
33 + 13 to 105 + 30 beats/min, p <0.02) were 
oth reduced. Mean resting ejection fraction in- 
creased from 0.15 + 0.06 to 0.25 + 0.11 and peak 
xercise ejection fraction also tended to increase 
0.19 + 0.11 to 0.28 + 0.15, difference not signifi- 
ant). Both resting plasma norepinephrine (613 + 
706 to 303 + 142 pg/ml, p <0.05) and epinephrine 
(71 4 50 to 40 + 21 pg/ml, p <0.05) were re- 
. duced. Circulating lymphocyte B-adrenergic recep- 
tor number was unchanged (1,334 + 292 to 1,344 
_ + 456 receptors/cell, difference not significant). It 
-is concluded that metoprolol therapy is associated 
< with improvements i in rest and exercise ventricular 
rmance and maximal aerobic capacity. These 
oe vements are associated with a decline in rest- 
a ing sympathetic nervous system activity. 

ne (Am J Cardiol 1990;66:843-—848) 
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blocking agents improve the symptomatic status 

and possibly the survival of some patients wit 
congestive heart failure (CHF) due to idiopathic dilate 
cardiomyopathy.! The mechanisms responsible for t 
observed improvements are largely undefined. Dui 
the course of CHF, increased sympathetic nervous : 
tem activity occurs,4 which may be deleterious.” M 
over, there is loss of myocardial responsiveness to 8- 
renergic agonists in patients with chronic CHF, which is 
correlated to the degree of G-adrenergic receptor down- 
regulation. The effects of metoprolol on sympathet 
nervous system activity in CHF remains unexplored. 
The purposes of the present investigation were 
better define the effects of metoprolol on rest and e 
cise cardiac function, aerobic performance, sympathet 
nervous system. activity and lymphocyte B recepti 
numbers in patients with symptomatic CHF due to bot 
ischemic and idiopathic causes. Patients with an iscl 
emic etiology were included since they also exhibited 
compensatory activation of the sympathetic nervous sy 
tem. 


A ccumulating evidence suggests that 6-adrenerg : 


METHODS 
Patients: Patients were considered eligible for he 
study if they were <70 years of age, had symptomat 
CHF for >3 months, had a left ventricular ejection 
fraction <0.40, and were clinically stable without a 
change in medical therapy for >4 weeks before the 
study. Patients were excluded if they had exertional or 
unstable angina, myocardial infarction within 3 months, 
active alcoholism, obstructive lung disease or asthma Te 
quiring therapy with bronchodilators, symptomatic 
ripheral vascular disease, advanced atrioventricular 
block or an inability to perform. bicycle exercise testing 
because of neurologic or orthopedic disease. 
Ten men (mean age + standard deviation 59 + D 
entered the study (Table I). Four patients met the crite- 
ria of New York Heart Association functional class H, 
and 6 patients were in functional class HI. CHF was 
due to coronary artery disease in 6 patients (documen 
ed myocardial infarction and/or >70% stenosis. at angi 
ography) and. to idiopathic cardiomyopathy in 4 pi 
tients. All subjects were in normal sinus rhythm. oS 
_ Drug administration: After baseline Studies met 
olol vas T : 
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16.8 
18.2 
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procainamide 
Digoxin, furosemide 
Captopril, furosemide, > 
isosorbide dinitrate 
Digoxin, furosemide. 
Amitriptyline, digoxin, 
furosemide. o o 
Furosemide, quinidine, 
digoxin captopril” 
Digoxin, furosemide. 
Digoxin, furosemide 
Quinidine, digoxin... - 
metolazone 


1,394 
755 


523 
614 


245 


888 
938 








: CAD = coronary artery disease; IDC = idiopathic dilated cardiomyopathy; LVEF = 
| Association functional classification: VO; peak = peak exercise oxygen uptake. 


i Furosemide; digoxin; enalapril 
teft ventricular ejection fraction; NE = artetialized norepinephrine; NYHA = New York Heart | 





(Lopressor® 25 and 12.5 mg scored tablets were provid- 
by Ciba-Geigy, Summit, New Jersey), and each 
k thereafter the dose was increased by 6.25 mg/dose 
2.5 mg/day up to a dose of 25 mg/day) until the 
maximal dose of 50 mg twice daily was achieved. Pa- 
received <100 mg/day if their systolic blood pres- 
re was <90 mm Hg or if their resting heart rate was 
beats/min. The development of worsening CHF 
sated with increased diuretics with further incre- 
ts in metoprolol held until there was a resolution of 
ni findings. Patients were withdrawn if there was 
istent hypotension or worsening CHF despite these 
neuvers. Baseline studies were repeated after 8 weeks 
herapy. 
ardiopulmonary exercise test: After a 4-hour fast, 
each patient performed a familiarizing symptom-limited 
cardiopulmonary exercise test. A second test was per- 
med just before initiating therapy to serve as the 
baseline. Testing was repeated at 8 weeks, 1 to 2 hours 
after oral metoprolol. 
Patients exercised while seated upright on an elec- 
ically braked cycle ergometer. After a rest period of 
) 15 minutes, the patients cycled for 4 minutes at “0” 
‘unloaded pedaling), and then the work rate was in- 
sed continuously at a rate of 10 W/min (ramp pro- 
l), while pedaling frequency was maintained at 50 


were performed utilizing a Medical Graphics 

m 2010 cardiopulmonary exercise unit (Medical 
phics Corporation, St. Paul, Minnesota). Peak VO) 
lefined as the mean oxygen uptake measured dur- 
e last 15 seconds of exercise. Patients exercised 
sited by dyspnea or fatigue. None experienced 


All studies were performed in the recumbent posi 
tion in the morning after an overnight fast. Medications 
were withheld on the morning of the study and pati 
were not allowed to smoke cigarettes or consume 
feine for 12 hours before the study. Intravenous 
ters were placed in antecubital. and hand vei 
hand was rested in a warming box (60°C) to obtain 
arterizlized venous plasma. We have previously docu 
mented that plasma norepinephrine levels obtained 
from a hand vein placed in a warming box at 6 
correspond closely to simultaneously acquired arteri 
samples and therefore are referred to as “arteriali; 
venous” plasma samples.’ Arterialized Plasma sampl 
were obtained 30 minutes after catheter insertion for 
measurement of basal plasma norepinephrine and T 
nephrine levels. 

Plasma norepinephrine appearance and clearan 
rates were measured using infusions of tritiated nore 
nephrine as previously described. Blood samples: for 
measurement of plasma catecholamines were collected 
and assayed by a single isotope enzymatic assay”? = 

Blood for lymphocyte 6-adrenergic receptor studies 


was collected simultaneous to sampling for basal cate- 


cholamines. Lymphocytes were isolated on Ficoll-Hy- 
paque gradients and all procedures were run at 4°C. 
Beta-adrenergic receptors and antagonist affinity (Kp) 
were quantified by Scatchard analysis of '5I-iodocyan- > 
opindolol (specific activity 2,200 Ci/mmol; New En- 
gland Nuclear Corp., Boston, Massachusetts) binding 
to lymphocyte membranes as have previously been de- 
scribed. '° E 
Radionuclide angiography: Symptom-limited supi 
bicycle exercise radionuclide angiography was pe 
formed and analyzed as previously described.!!: 
cise began at a work load of 200 kpm and i 





was i pocepted at p 30.05. 
ESULTS 
‘Drug tolerance and clinical effects: Eight patients 
pleted the protocol. Seven received the maximal 
of 50 mg twice daily of metoprolol, whereas in 1 
ient the dose was limited to 37.5 mg twice daily due 
j a resting heart rate of <60 beats/min. Two patients 
were intolerant of metoprolol and withdrawn from the 
study. One patient (no. 4) experienced hypotension, 
wthopnea and fatigue at 12.5 mg of metoprolol and one 
nt (no. 6) developed worsening pulmonary and pe- 
al congestion taking 50 mg/day, which required 
ospitalization. The dose of diuretics. was transiently in- 
creased in 2 other patients who continued therapy, and 
there were no other changes in drug treatment. 
_ Cardiopulmonary and radionuclide exercise studies 
le H): The heart rate at both rest and maximal ex- 
1 vas significantly reduced with metoprolol (both p 
.05). Systolic blood pressure increased modestly at 
(128 + 10 to 139 + 15 mm Hg, p <0.05) and at 
exertion (158 + 26 to 170 + 26 mm Hg, dif- 


ce not significant) after metoprolol, whereas dia- . 


tolic blood pressure was unchanged. The VO) peak av- 
raged 14.8 + 3.0 ml/kg/min before treatment and in- 
sed to 16.1 + 2.5 ml/kg/min (p <0.02) with 

m toprolol. (Figure 1). An increase in. VO; peak oc- 
utred in 7 patients and was >1 mg/kg/min in 4. The 
change in VO, peak was independent of changes in 
body weight (VO, peak = 1,196 + 316 ml/min vs 
1,291 + 307 ml/min, p <0.02). The maximal work rate 
increased from 90 + 23 to 95. + 21 W (p = 0.06). The 
can oxygen pulse at maximal exertion, which is a 
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measure of the amount of oxygen delivered per- heart 
beat, increased by 40% (9.0 + 2.2 to 12.6 + 1.8, p 
<0.01) (Figure 2). 

The resting ejection fraction increased from 0.15: 
0.11 to 0.25 + 0.11 (p <0.05) (Figure 3). Six patien 
had an increase in resting ejection fraction of 26 units 
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FIGURE 2. The mean oxygen (02) pulse at maximal exertion 


increased from 9.0 + 2.2 to 12.6 + 1.8 mi/heat (p O08) 
VO2 = peak exercise oxygen uptake. : 
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Baseline Metoprolol 
E Rest (pg /mi) 613+ 706 303 + 142* 
E peak exercise (pg/ml! 1,7154908 1,388 404 
EPlrest (pg/m) 71450 40421" 
EPI peak exercise (pg/ mi 1344 83 131444 
NE appearance rate (ug/min/m*) 0,40 + 0.26 0.31 +0.12 
E clearance rate (liter /min/m?) 0.85 40.29 0.95 +0.18 








al 






* 9 <0.05 versus baseline. / 
Vales are mean + standardideviation. 
oo EPI = arterialized venous epiephirine, NE = arterialized venous norepinephrine. 







































whereas 2 had no change. The change in ejection frac- 
tion remained borderline significant (p = 0.06) when 
the patient with the most dramatic response was exclud- 
ed. The duration of supine exercise increased from 7.7 
+ 3.0 to 9.1 + 2.7 minutes (p <0.01). Despite the in- 
crease in exercise duration and work load, the peak ex- 
ercise ejection fraction also tended to increase (0.19 + 
0.11 to.0.28 + 0.15, p = 0.13). 

Plasma catecholamines, norepinephrine kinetics 
and beta-adrenergic receptors: At baseline, mean rest- 
ing arterialized venous plasma concentration of norepi- 
ephrine was elevated to 613 + 706 pg/ml, and de- 
ined to 303 + 142 pg/ml with metoprolol (p <0.05) 
figure 4). The change remained borderline significant 
p = 0.06) when the patient with the most dramatic 
esponse was excluded. Resting norepinephrine de- 
‘eased >100 pg/m! in 5 of the 8 subjects. The resting 
lasma concentration of epinephrine also declined (71 + 
0 to 40 + 21 pg/ml, p <0.02) (Figure 5). During su- 
exercise, plasma norepinephrine and epinephrine 
nereased substantially before and after metoprolol. 
Peak values at maximal exertion were not significantly 
affected by metoprolol (Table LI). 

-Although the values did not achieve statistical signif- 
cance, there was a trend for a decrease in the rate of 
norepinephrine appearance, from 0.40 + 0.26 to 0.31 + 
0.12 wg/min/m? (p = 0.25) (Table HI), associated with 
small increase in the norepinephrine clearance rate 
0.85 + 0.29 to 0.95 + 0,187 liters/min/m’, p = 0.25). 


prok on Circulating Plasma LOE 


“32 oe mesira from circula 


after metoprolol administration. 


DISCUSSION 

Ventricular function and exercise capacity: In 
study, the 8 patients who tolerated metoprolol exhibited 
significant improvements in maximal exercise capacity 
during both supine and upright exercise. In additio 
left ventricular function improved at rest and tended to 
increase at maximal exertion, despite the fact that a 
higher maximal work rate and a somewhat higher syss 


tolic pressure were achieved. Other studies have report- 
ed similar increases in ejection fraction after treatment 
with Æ blockers.':!3 Although the prognostic implica- = 
tions of these findings are uncertain, the Veterans Ad- 
ministration Vasodilator Heart Failure Trial investiga= __ 


tors noted that patients with CHF who experience an 
improvement in resting ejection fraction with vasodila- 
tors sustained the greatest overall improvement i in sur- a 
vival.!4 : 
The significant improvement in VO, peak observed ‘ 

with metoprolol therapy indicates an increase in the 
maximal cardiac output. Because cardiac output is a 
function of heart rate and stroke volume, the reduction 
in maximal heart rate indicates that the maximal strok 
volume increased, as demonstrated by the 40% increase 





in the oxygen pulse. Although normal subjects exhibit : 


an increase in maximal stroke volume with 8 block- > 
ade,'* such a finding is unexpected in patients with 
CHF. The trend toward an increase in exercise ejection 
fraction also supports this finding. Thus, cardiac reserve 












improved as evidenced by the increase in maximal exer- 


cise ejection fraction, the maximal oxygen pulse and th 
VO, peak. Engelmeier et al? also reported an improve- — 


ment in exercise. capacity and ejection fraction in pa- . 


tients with idiopathic cardiomyopathy treated with me- 
toproiol, although VO, was not directly measured. o 
Catecholamine levels, norepinephrine kinetics and 


beta receptors: Circulating levels. of norepinephrine i: 
represent an equilibrium of the rate of spillover from 
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FIGU plasma norepinephrine decreased from 
613+ 706 to 303 + 142 pg/ml (p <0.05), whereas maximal: 
exercise plasma norepinephrine 
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clearance from the circulation, which primarily 
rs at the nerve varicosities. The spillover fate re- 






riginating from. both cardiac and noncardiac sympa- 
hetic nerves. The clearance rate is dependent on neuro- 
on 1 uptake of norepinephrine and on the cardiac out- 
- put.!® Acute and chronic administration of a variety of 
- B blockers to normal subjects, patients with chronic hy- 
;  pertension or patients with acute myocardial infarction 
|. produces an increase in plasma norepinephrine.'” “19 The 
increased. plasma norepinephrine is largely due to a re- 
uction in clearance, which in turn is related to de- 
creased cardiac output.!7° 
-Ip contrast, in the current study, chronic metoprolol 
therapy caused a decrease in circulating plasma cate- 
 cholamines,.a response that appears to be unique to pa- 
tients with CHF. Neither the decrease in appearance 
orat nor increase in clearance rate of norepinephrine 
2 statistically significant i in the current study; how- 
aver, the observed changes in kinetic rates are directly 
_ opposite those noted in the previously mentioned stud- 
< jes.!70 The reduced plasma norepinephrine is probably 
- a Teflection of a direct improvement in underlying cardi- 
ac function, with a resultant secondary reduction in 
i sympathetic nervous system activity as has been report- 
ed to occur with the intracoronary infusion of dobuta- 
nine?! In contrast to metoprolol, vasodilators that only 
tly improve myocardial performance have little 
plasma norepinephrine levels.?? Moreover, the 
r pindolol, which possesses intrinsic sympatho- 
nimetic activity, also does not alter pasta norepineph- 
eor improve myocardial function.” 
_ Mechanisms of beta-blocking improvement: Beta- 
. receptor up-regulation has been proposed to explain the 
beneficial effects produced by @ blockers in some pa- 
< tients with CHF.*4*> In contrast to our findings of no 
: change in peripheral lymphocyte 8-receptor numbers, 
‘Heilbrunn et al!? reported an increase in myocardial 8- 
receptor density with metoprolol that was associated 
with an increase in resting ejection fraction, stroke work 
index and contractile response to dobutamine infusion. 
~ The bradycardiac effects of 8 blockers could also 
_ possibly be responsible for the observed beneficial re- 
_ sponses. Prolonged tachycardia has been known to be a 
- “cause of reversible cardiomyopathy, although the mech- 
"anism remains elusive.” Slowing the heart rate pro- 
_- duces an increased period of diastolic filling and myo- 
cardial perfusion which may improve myocardial ener- 
_ -getics or. diastolic function. Pindolol, which exhibits 
ot B-agonist activity and limited bradycardiac ef- 
fects, does not appear to have beneficial effects in pa- 
tients with CHF.” A recent report by Brown and Hu- 
_ dlicka?’ indicated that bradycardia pacing may actually 
_ prevent the development of a cardiomyopathy in rabbits 
_ exposed to large doses of norepinephrine. 
Limitations: This study was not randomized or pla- 
controlled. However, it is unlikely that the ob- 
changes reflect spontaneous improvement given 
duration of CHF and stability of symptoms 















































points (ejection fraction and peak exerci 
> been shown to vary little during placeb 
in patients with CHF.?*? Our trial further document e 
the stability of peak VOz which was similar on the fi 


etic nerve terminals (appearance rate) and the _ 





ts total body sympathetic nervous system activity 


tudy m Moreover, both of the Primary end T a 









miliarizing preentry test and baseline test performed a 
least 1 week later (14.2 + 2.3 and 14.7 + 2.9 mi/kg/ 
min, difference not significant). Although | patient e 
hibited a dramatic response to metoprolol. with 
marked increase in ejection fraction and decrease in 
plasma norepinephrine, the overall changes in these 
measures remained borderline significant even when 
this patient was excluded from the analysis (p = 0.06 _ 
for both). AB 

Despite these limitations, the current trial of meto- 
prolol demonstrated an improvement in both resting _ 
ejection fraction and an increased maximal exercise ga- | 
pacity in patients with CHF. The improvements in car- 
diac function were associated with a decline in resting .. 
plasma norepinephrine and epinephrine but with no sig- 
nificant change in B-adrenergic receptor density on cir- ~ 
culating lymphocytes. me 
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Fracture of the outlet strut of the Bjork-Shiley 60° and embolization of the occluder disc has bee 
_ eonvexo-concave (BSGOCC) valve has been attrib- reported for both aortic and mitral Bjérk-Shile 
ed to a bimodal closing pattern in certain valves (Shiley Corporation) 60° convexo-concave (BS60CC) . 
which the closing disk rotates about the inlet heart valve prostheses. 1-2 Such fracture is a catastroph- 
trut, causing upward displacement of the outlet ic event requiring immediate diagnosis and valve re 
and its eventual fracture. This article reports placement surgry. Approximately 64% of the 284 outlet. 
in vivo studies of the normal BSGOCC valve and strut fractures that have been reported to the US. Food 
the in vitro studies of the normal and bimodal _ and Drug Administration (FDA) as of August 1989 
- BSGOCC valves, using a digitial acoustical signal have been fatal (Device Experience Reports submitted 
processing technique, in which the individual colli- by Shiley, Inc., to the Food and Drug Administratio. 
_ sions (impact history) of the occluder disk with the [FDA]. Quarterly updates of actuarial statistics re- 
- components of the valve body are revealed during garding strut fracture in Bjork-Shiley 60° convexo- 
ach closing cycle. In vitro analysis of the closing concave valve prostheses, submitted by Shiley, Inc., t 
acoustical signals of normal BSGOCC valves the FDA). The BS60CC valve was available in th 
ed impact history cluster width (IHCW) means United States from 1979 to 1986 and exported from 
7 + 0.85 ms (standard error), not significant- 1976 to 1986. Shiley estimates that 81,791 BS60C 
rent from those of 1.86 + 0.58 ms (standard valves have been implanted in patients worldwide, since. 
r) observed in 38 clinically normal patients with 1976 (quarterly updates of actuarial statistics regard. 
escoce valves (p >0.1). The bimodal valves ing strut fracture in Bjork-Shiley 60° convexo-concave 
showed IHCW of 6.14 + 0.98 ms (standard error), valve prostheses, submitted by Shiley, Inc., to th 
vitro, which was significantly greater than those FDA). 
_ observed in the normal in vitro valve group and in Between 1980 and 1984, in response to tie outl 
the normal patient population (p <0.0001). strut fracture problem, the valve manufacturer made 
B (Am J Cardiol 1990;66:849-854) numerous changes in the manufacturing and quality 
control procedures.”° Based in part upon failure analysis 

of in vivo fractured valves’! -> disk-opening forces were. 

suspected as the cause of the outlet strut fracture and 

most of the earlier manufacturing changes focused on 

strengthening the weld of the outlet strut to the valve. 

flange. While this may have resulted in an improved 

fatigue resistance of this union, it did not eliminate the. 

strut fracture problem. Furthermore, strut fracture of 

the valve could not be duplicated with in vitro pulse du- 

plicator studies even when extreme opening stresses 

were used.” 

Subsequent observations of wear patterns on the oc- 

cluder and outlet strut tip and contour profiling of the 

inlet strut of in vivo failed valves led to the conclusion. 

by Shiley that extreme outlet strut stresses.could occur. 

during. disc closure in certain. valves exhibiting a “be 

modal” disc closure pattern. In these valves, an improp- 

; ; er contour match between the disc occluder and the ad- 
tom International Acoustics Incorporated, Palatine, Hlinòis, and the _ jacent surfaces of the inlet strut could result in multiple 


nd Drug Administration Center for Devices and Radiological. uilibrium ints for the occluder i in its close si 
ille, Maryland. Manuscript received March T 1990; O Th po E po a 


t received and poe May 22, 1990, 
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Pees of the outlet strut and subsequent escape 











































treme closure. stresses in a tma tester, fracture of the 
outlet strut was reported.” 

In 1984, Shiley, Inc., implemented additional quality 
control procedures to assure proper contour match be- 
tween the occluder and the inlet strut. There have been 
no reports of outlet strut fracture in the valves that have 
ssed these additional quality control tests. However, 
production levels of the BS60CC valve were quite low 
after 1984 and the total clinical experience in patient 
years is limited. 

- There are currently no methods available for clini- 
cally screening patients with BS60CC heart valves that 
_ will identify those valves with a bimodal closure pattern. 
Although cinefluoroscopic techniques have identified 
| fracture of the outflow strut and embolization of the 
occluder disc,'-2° this technique has not and could not 
be expected to successfully identify any valves exhibit- 
ing bimodal closure. Since the hemodynamic character- 
istics of the bimodal valves do not differ from the nor- 
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F GURE 1. Schematic illustration of bimodal Bjork-Shiley 60° 
convexo-concave nie ae valve (lower illustration), i in which 
occluder disc r 















Digital Phonscardion rag Internatio 
corporated. The mention of any comme: 


dorsement for or discreditation of any such device by 
the FDA) for in vivo and in vitro characterization of the — 
closing motion dynamics of the BS60CC valve and for 
detection of the bimodal closing pattern. in these valves. 





METHODS 
In vitro test valves: Two series of BS60CC, 29-mm,. 
mitral valves were supplied to the FDA by Shiley, Inc. 
The “normal” series of valves (“A” valves) had passed 
all quality control tests that existed at the time the valve. 
was withdrawn from the market in 1986, including 
those contour-matching procedures implemented in ear- 
ly 1984 to detect the bimodal closing pattern. The “‘bi- 
modal” series of valves (“C” valves) had been specifi- 
cally modified for the FDA by the manufacturer to ex- 
hibit the bimodal closure pattern. The “C” valves, when 
closed, displaced the outlet strut 1/1000th to 4/ 1000th L 
inch: : 
Acoustical signal recording system: In vivo and i 
vitro valve acoustical signals were recorded with the d 
ital phonocardiograph and accelerometer microphone 
The accelerometer microphone frequency response (E3 
db) is 20 Hz to 10 KHz and its sensitivity is. —60:db 
with reference to 1 volt/microbar. The amplifier bar 
pass (—3 db) is 20 Hz to 2.7 KHz with anti-aliasing _ 
filters (—30 db) at 4 KHz. The analog-to-digital conver- 
sion rate was 8,000 points per second with 12-bit aceus i 
racy. All digitized records were stored on diskette for _ 
evaluation with the system’s digital deconvolution anal 
ysis technique. Pe 
Clinical recordings: The clinical population consist- 
ed of both male and female patients with BS60CC sin- 
gle aortic (20 patients), single mitral (13 patients) and _ 
double (3 patients) valve replacements, dating from 
1979 through 1986. The digital phonocardiogram re- 
cordings were obtained during routine clinical visits and 
each of these patients was considered to have normally- 
functioning valve prostheses based upon routine clinical 
evaluations. The accelerometer microphone, mounted in 
its acoustically matched assembly, was secured with. 
denture adhesive at the chest location of greatest pros-. 
thetic valve sound intensity, usually at the mid left ster- 
nal border for aortic valve prostheses, and at the lower 
left sternal border for mitral prostheses. Auscultatory: — 
signals were recorded during breath holding at end-ex- | 
piration, with the patient supine and the head elevated E 
approximately 15°. o 
Pulse duplicator recordings: The test ‘waives supplied : 
by Shiley, Inc., were momted:ir ina left-sided h . 
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y allow a “physiologic” pressure profile 


were mounted, with uniform orientation, 
nitral position of the left-sided heart duplicator, 
. e accelerometer transducer attached to the outer 
„structure of the duplicator just upstream of the valve, 
_ over the “atrial” chamber. A bioprosthetic heart valve 
was mounted in the aortic position of the duplicator. 
Stroke rate was 70 beats/min, systolic/diastolic pres- 
ires were 120/80 mm Hg and systole was 40% of the 
tal heart cycle. Multiple recordings were made of the 
_ acoustical signals of each of the test valves and stored 
on diskette. The recordings were blinded and submitted 
_ for signal analysis. 

Mechanical measurements and tests: Measure- 
ts were made of the force applied to the outlet strut 















2. Schematic illustration of circu- 
stem simulator. The test valve ` 
in the mitral position with 
jeter microphone cemented up- 
f the valve. — 
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ventricular chamber — by 
vibrational noise and cycle-to-cycle pres- P 
Thin walled latex gooch tubing with 


; along its. length simulated systemic. the outlet strut. Durability ies were pert | in an 
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Piston Pump 






accelerated tester, using a glycerol and water mixtu 
comparable to the viscosity and density of blood, at a- 
rate of 1,100 to 1,200 cycles/min with peak: systolic 
pressures between 120 and. 140:mm Hg. a 
Data analysis: The acoustical signals produced by : 
the closing prosthetic mechanical valves, in vivo and in — 
vitro, were analyzed by a specialized set of the signal — 
processing technique sometimes referred to as deconvo- 
lution analysis, detailed in Appendix 1. The use of this. 
technique for studying asynchronous closure of mechan- 
ical bi-leaflet valves has been reported earlier.” 
This technique reveals the impact history of the — 
acoustical signal, that is, the pattern of collisions that 
were responsible for creating the.acoustical signal. Foro- 
the BS60CC valve, the pattern of collisions of the disc 
with the valve’s. flange and inlet and outlet struts is- 
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: FIGURE 3. Digital phonocardiogram 
‘PCG’ (A) of a patient with a Bjork- 
Shiley 60° convexo-concave (BSGOCC) mi- 
and aortic valve replacement shows 
ee frequency mitral - and aortic 
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RESULTS 
Figure 3 shows the analysis of a single cardiac cycle 
f a clinically normal patient with a BS60CC mitral 
nd aortic valve replacement, in 1984. The upper frame 
of the report (A) is the recorded digital phonocardio- 
gram (time scale = 0.05 sec/div), with the position of 
the R-wave indicated by the single vertical bar. The dig- 
ital phonocardiogram of all mitral and aortic BS60CC 
valves, in vivo, showed typically narrow, high-frequency 
prosthetic valve closing signals (MC and AC), most of- 


crhaed digraph ee of the firs l 

nal occurring with-the start of the disc 

second intense signal occurring with final ch sure of 
disc. So 


ing acoustical signals are expanded and ahs 

C and F, respectively. Frames D and G are t 

history patterns of each of the closing valve signals 
(time scale = 0.002 sec/div) and reveal the typica 
narrow, singular impact history clusters that desc 

the collision of the occluder disc with the surfaces of 
valve flange and finally with the surfaces of the inlet 


Figure 4 shows the distribution of impact history 
Alster widths in 172 cardiac cycles of 39 valves in the: 
36 clinically normal patients studied. The mean. impact. 
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Figure 5 shows the acoustical gnal recordings and 
econvolution analysis of a “normal” (“A”) and bimod- 
al (“c”) BS60CC valve cycled in the left heart duplica- 
_ tor. The valve closing signals are preceded by approxi- 
mately 12 to 20 ms by a lower intensity, lower frequen- 
-cy acoustical, signal. Unlike the ‘typical. in vivo. re- 
- cordings, the valve opening signals are Clearly seen. The 
_ Impact history clusters seen in the 90 left-sided heart 
licator cycles of 20 BS60CC “A” valves:are narrow 
and singular i in appearance (frame: C), similar to those 
-seen in the clinical patient population. The mean impact 
_ history cluster width of these valves was 2.07 + 0.85 ms 
: standard error) with a range of 0.38 to 4.88 ms. 

: je impact history clusters seen in the 82 left-sided 
duplicator cycles of 15 bimodal (“C”) valves are 
icantly broader (frame F) than. those seen with the 
- normal valve in the left-sided heart duplicator or in the 
- clinical groups. The mean cluster width duration in the 
_ bimodal valve group was 6.14 + 0.98 ms (standard er- 
= ror) witha range of 4.0 to 9.76. ms. = ` 
Figure 6 shows the impact history cluster width dis- 
ion in the patient groups, and in the left heart du- 
icator study of the normal and bimodal valves. There 
significant difference between the impact history 
idth duration means in the patient population 
e valves and the normal “A” valve left-sided 
duplicator study (p >0.1). The impact history 
sr width duration distribution of the bimodal “C” 
es showed a significantly higher mean (p <0.0001) 
iy other group. However, the impact history clus- 
_ ter width duration distribution of the normal “A” valves 
- showed a significantly higher mean (p <0.01) than the 
_ patient population with double valves. 






































r showed eies | low force ‘of l. 1 to 4. 5 newtons int 
“normal “A” valves, ‘and significantly higher forces of 



































9.8 to 18.7 newtons in the bimodal “C” valves. Lifetime 
calculations based upon these measurements predict no 
fatigue failure of the normal valves, but predict failure 
in the bimodal valves between 1 and 700 days. Durabili- 
ty tests in an accelerated tester at 1,100 to 1,200 cycles/ 
min, at pressures of 120 to 140 mm Hg, did not produce 
failure in either the normal or bimodal valves in: the 
equivalent of 420 days. 


DISCUSSION 

Although it has been reported that the excessive 
forces on the outlet strut generated during closure of the 
bimodal valve may be responsible for fracture of the 
outlet strut, such fracture has been shown in vitro only 
in markedly bimodal valves with extreme closure stress- 
es. While the significantly higher than normal forces — 
on the outlet strut of the closing bimodal valve, found in 
this study, predict fatigue failure of the strut between 1 
and 700 days, such fatigue failure was not observed in 
an accelerated tester in the equivalent of 420 days. 
Thus, this postulated mode of outlet: strut fracture Te 
quires further verification. 

The broad impact history cluster width of the b 
modal BS60CC valve characterizes the closing motio 
of the occluder disc as it rotates about the inlet strut 
and torques the outlet strut, causing repeated impacts. of 
the disc on the metal structures of the valve ring. Th 
broad impact history pattern differentiates this bimoda 
valve from the normally closing valve in vivo and i 
tro and may present a methodology. for identifying 
subset of patients with the bimodal BS60CC valves. 

Because the risk of outlet strut fracture in ‘the 
BS60CC valve is significantly lower than the surgical _ 











GURE 6. Impact history cluster width 


and i left-sided heart duplicator study of 
“normal” valves (solid bars) and “bimod- 
: a al” valves (striped bars). 
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APPENDIX 

The observed acoustical signal is niodeted as ‘she output of a 
recursive, linear filter. This filter represents the acoustical re- 
sponse of the entire valve cage, which is being impacted by a 
disk. or other occluding object, and is assumed to have a stable 
impulse response. The time taken for the response to decay to 
one-half the original value is called the “ mean aay time” (ta 
of the filter. 

This filter is assumed to be excited by an impulse input, 
which represents the discrete impacts of the occluding element 
against the valve cage. The autocorrelation of this input can be 
shown to be impulsive as well, with a peak att = O.and the next 
peak at the “correlation time” (re) of the input. 4 

When the condition T> Ta holds, both the filter pa 


Specifically, since the filter is purely recursive; 
transform which can be written as the. following 


A(z) oe 


where the a, are the filter parameters to be estimated, and 
the order of the filter. In the present application, an orde 
and 12 has been found to be sufficient. he 

Then, with the autocorrelation of the input signal x(n) est 
mated as R, = Z, X(n) X(n + p) the filter param 
computed as the solution to the system of: linear equals 


S aR, p= R, ee SN 
p= pl 
With the filter parameters computed, the impulsive i in 
signal can be estimated as the following: 


N 
I(n) = > 


beer 


a, X(n — p) 


The significance of the pulses in this signal can be derived 
from an appreciation of the mechanics of the occluding element 
of the valve and the timing of the pulses relative to the observed 
signal. In particular, discrete peaks in the impulse signal corre- 
spond to discontinuities in the original acoustic signal. Thes 
A PUTER in turn locate the times of impulsive: externa 









"She term “cardioprotection” (“Myokardschutz’”)* 
-was coined by Fleckenstein! more than 2 decades 
ee ago to describe the salutatory effects of calcium 
ie antagonists on isoproterenol-induced myocardial necro- 
_ sis. A few years later Nayler et al,” by using verapamil, 
succeeded in protecting the heart muscle from ischemic 
a injury, an effect that was subsequently documented for 
-other calcium antagonists as well.?+ These early experi- 
_ mental studies were extended by a variety of clinical 
and experimental findings attesting to the cardiopro- 
ective effect of calcium antagonists. Thus, calcium an- 
_tagonists were reported to: (1) improve coronary flow; 
@ reduce afterload; (3) suppress ventricular arrhyth- 
_ mias; (4) diminish myocardial cell damage by prevent- 
ing intracellular calcium overload during episodes of 
_ ischemia; (5) diminish platelet aggregation. in contrast 
B blockers; (6) exert antiatheromatous effects in 
ne animal models; and (7) reduce left ventricular hy- 
rtrophy and enhance left ventricular filling not only 
roving the active relaxation process but also dis- 
ility--these latter effects seem to be most pro- 
yunced in patients with arterial hypertension and can 
e expected to translate into a therapeutic benefit only 
er sustained therapy. 
These promising experimental reports seemed to at- 
: t to the attractiveness of calcium antagonists in the 
< treatment of myocardial infarction and coronary artery 
_ disease. Recent angiographic studies with verapamil’ 
A and nifedipine,® documenting a beneficial effect on cor- 
onary stenoses, support the animal. data (although they 
E showed no decrease in mortality). However, the attrac- 
tiveness of calcium antagonists was decidedly put into 
estion less than a year ago by Held et al,’ who sys- 
‘tematically reviewed 28 randomized trials, creating a 
_ data base of more than 19,000 patients. They came to 
the conclusion that “calcium antagonists do not reduce 
< the risk of initial or recurrent infarction or death when 
_ given routinely to patients with acute myocardial infarc- 
tion,” and therefore they discouraged the prophylactic 
use of calcium antagonists during or after acute myo- 
-cardial infarction. 
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* nfortunately, “cardioprotection”..has. become a wastebasket 

term ar all kinds of beneficial effects that drug therapy may exert on 
art, ranging: from ‘Suppression of ventricular eatery to toa decrease 

rdiac death r rate. DS ; ; ae 


me 








oo “Cardi oprotection” - — _ Not All oe 
: Calcium Antagonists Are Created Equal 


Franz H. Messerli, MD 


decide whether a parent isa ence for verapa n 















































This review was extensively commented on in the lay _ 
press, and The Wall Street Journal discussed it under 
the heading “Calcium Channel Blockers Called Ineffec- 
tive Against Heart Disease.” The disheartening findings 
and recommendations flew in the face of most of our. 
colleague cardiologists who routinely had been using 
calcium antagonists in more than 40% of patients after 
uncomplicated myocardial infarction.’ Held et al’ nev- 
ertheless indicated that there was a slight trend toward 
fewer reinfarctions in patients treated with verapamil 
and diltiazem (although there was no effect on mortali- 
ty) and that therefore the data were consistent with the - 
possibility that calcium antagonists that reduced heart 
rate might reduce the risk of reinfarction. They candid- _ 
ly suggested that this hypothesis “should therefore be 
interpreted with caution and specifically examined in 
further trials.” = 

This is exactly what Fischer Hanson and cowie 
ers! did in a carefully designed double-blinded, ran 
domized, placebo-controlled, multicenter trial assessin 
the “cardioprotective” effects of verapamil after acut 
myocardial infarction, The Danish Verapamil Infare 
tion Trial (DAVIT H).!° Their previous study, the DA 
VIT I,"' failed to show a significant reduction of overall 
mortality or reinfarction rate after 6 months of verapa: 
mil treatment. A retrospective subanalysis, however 
demonstrated a highly significant reduction in mortality. 
only in the subset of patients who received verapamil 
from day 2 to day 180, Encouraged by this subanalysis, 
the investigators embarked on a new study, the DAVIT | 
Il, in which treatment was started between day 7 and _ 
day 15 after the acute myocardial infarction. As can be 
seen elsewhere in this issue, DAVIT II documented a 
significant reduction in the reinfarction rate in the vera- 
pamil group when compared with the placebo group, _ 
although the difference in the overall mortality rates 
failed to reach statistical significance. However, by — 
combining data from DAVIT I with DAVIT II, create 
ing a data base of more than 3,100 patients, a reduction __ 
of about 25% in major events and deaths was document- 
ed in verapamil-treated patients when compared with 
results in those taking placebo. : 

The results of DAVIT H are provocative, but leave 
several important questions unanswered: Since “‘cardio- . 
protection” was documented only when verapamil ther 
apy was begun 1 week after the acute myocardial in 
farction, how should patients be protected during these 
first days of the postinfarction period?’ What are th 
clinical criteria that allow the practicing physician t 

















m eataponist is given 1 week after the acute 
cardial infarction? 

_. What then are the conclusions that we can draw 
from the DAVIT I data and how do they fit into the 
realm of the review by Held and collaborators? Calci- 
um antagonists are a heterogeneous group of drugs. 
‘Conceivably, cardioprotective properties (decrease in 
‘reinfarction rate and/or mortality) may vary from 
one agent to the other and reach clinical significance 
only in those calcium antagonists that diminish heart 
rate, as Held et al suggested. Conversely, some calcium 
antagonists, by producing profound reflexive cardio- 
eleration, may increase myocardial oxygen require- 
ments and thereby paradoxically increase the risk of 
myocardial infarction in susceptible patients. Of note, 
‘calcium antagonists may also adversely affect prognosis 
when given during myocardial infarction or very early 
in the postinfarction period because, in this situation in 
patients who have a total occlusion, they may merely 
produce a negative inotropic effect. It seems, there- 
fore, that patients with a noncomplete occlusion and/or 
good collateral circulation and no symptoms and signs 
congestive heart failure are the best candidates for 
rdioprotective treatment with verapamil. This view is 
ported and extended by data from the Multicenter 
iltiazem Postinfarction Trial Research Group docu- 
nting diltiazem to exert a clinical benefit only in pa- 
nts without pulmonary congestion! and in those with 
10. -Q-wave infarction.'3 Preliminary data indicate that 
uction in reinfarction rate was more pronounced 

in patients with a history of hypertension.'4 
“Does the DAVIT II study annihilate the conclusions 
f the thorough review of Held et al, demonstrating no 
effects of calcium antagonists after myocardial infarc- 
on? Certainly not. However, it should replace thera- 
utic nihilism (ie., all calcium antagonists are useless 


he ca 


per gn 
may prolong life). 
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cutaneous Transluminal Coronary Angioplasty i in Octogenarians 
Unstable Coronary Syndromes o 


Rizo-Patron, MD, Nidal Hamad, MD, Richard Paulus, MD, Jorge Garcia, MD, 


d arl Beard, MD 


; Cey artery disease is a common and crippling 
condition in the elderly population. It is estimated 

that limitation of activity and compromised quality of life 
occurs in 85% of men and 55% of women in older age 
groups (>75 years) who have cardiovascular disease.! 
e information has been reported regarding the out- 
me of percutaneous transluminal coronary angioplasty 
genarians with unstable coronary syn- 

cause older patients are usually exclud- 


cht treatment modalities are usually avoided 
less ey prolong longevity. This.report documents our 


: s (meim age, 83 years; range 80 to 89) underwent 
F TCA for unstable coronary A eara (Figure 1) that 


nfarc tion angina. There were 31 men and 22 women 
e study. Significant multivessel disease was ob- 
served in 38 patients. Thirteen patients (25%) had previ- 
ously undergone coronary artery bypass surgery (mean 
terval, 13 years) and 14 (26%) had experienced previ- 
ous myocardial infarction. In the overall group, mean 
deft ventricular ejection fraction was 45% (range 20 to 
60%). The electrocardiogram was normal in only 10 
patients. Ischemic ST- and T-wave changes were ob- 
| served in 23 patients during pain. 
Before undergoing PTCA, all patients received =2 
-antianginal medications, including oral nitrates, B-adre- 
cium channel blockers; 21 patients were 
roglycerin intravenously. Aspirin was given 
T t contraindicated. Informed consent was given in 
all cases. All procedures were performed using standard 
_ steerable guidewires and dilation catheters. 
PTCA was attempted in the most significant (culprit) 

lesions: 1-vessel PTCA was performed in 39 patients, 2- 
vessel PTCA in 12 and 3-vessel PTCA in 2, The proce- 
< dure was considered successful if stenosis was reduced to 
_ <50% of lumen diameter with clinical improvement in 
“symptoms. and no major complications. 
Results of all procedures are shown in Figure 2. Pri- 
Mary success was achieved in 44 patients.(83%). In un- 
Sueoessful procedures, complications consisted of acute 


`- From the Division of Cardiology, Texas Heart Institute and Baylor 
- Col Medicine, 7000. Fannin, Houston, Texas 77030: Manuscript 
March 5, 1990, revised manuscript received Mey 29, 1990, and 

ted May 30. ; 


myocardial infarction in 3 patients (5.5%), emergency ee 


coronary artery bypass surgery in 4 (7.5%) and death in 


1 (1.8%). PTCA was unsuccessful in 1 patient who.re- | 


mained symptomatic on medical therapy. Noncardiac 
complications occurred in 10 patients and included he- 
matoma (4), pseudoaneurysm (1), renal insufficiency 
(4, with 2 requiring dialysis) and sepsis (1). The mean 
hospital stay was 4 days for patients undergoing success- 


Jul procedures and 13 days for those in whom PTCA was a 


initially unsuccessful. 
Follow-up data were available for 40 of 44 patients 


(91%) in whom PTCA was initially successful (Table I). ie 


Four patients were not from the United States, and we 
were unable to obtain follow-up data from them. For a 





Post Mi Angina 
17% (9) 


Class IV Angina... | 
19% (10) 


Unstable Angina 
64% (34) 





FIGURE 1. Clinical presentation of 53 elderly patients who 
nae moc ee 
procedures. Ml = myocardial infarction. 
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mained symptomatic on medical therapy. te myo- 
cardial infarction; CABG = coronary artery bypass graft ; 











1 
13-24 3 0 1 1 
>24 2 0 1 1 
Total 14 i 4 4 








CABG =. coronary artery bypass graft procedures; MI = myocardial infarction; 
PTCA = percutaneous transluminal coronary angioplasty. 
à aed 





mean duration of 14 months (range 6 to 34), 87% of 
patients who underwent primary or repeat PTCA, or 
both, continued to show clinical improvement and have 
event-free survival in the first year. During the subse- 
-quent 2 years, 75% of patients had sustained improve- 

< ment without a major coronary event. 
Published reports are devoid of controlled studies 
comparing the effectiveness, advantages and complica- 
_ tion rates of PTCA over medical therapy in octogenari- 
ans. The risks that preclude PTCA when medical treat- 
: ment has failed should be addressed by randomized stud- 
jes. Our results are consistent with those from nonran- 
+ domized studies? in a comparable group of patients in 
whom procedural success rates of 67 to 80% were 
achieved, with a 6 to 14% incidence of emergency coro- 
: nary bypass surgery and a 0 to 19% mortality. Our study 
is also consistent with other reports of elderly patients 
undergoing PTCA who have demonstrated lower success 
rates, shorter durations of sustained relief from symp- 








zation, early ee shetke and ano ore 
tivity levels. Thus, despite the significant morbidity ass 
ciated with this type of interventional procedure, the lim- 

ited information available on PTCA for older. patients 
with unstable coronary syndromes suggests that PTCA is 
a reasonable therapeutic option for palliation of symp- o 
toms and improvement in quality of life. : 
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- Frequency and Causes of Failure with Contemporary Balloon 


z Joel K. Kahn, MD, and Geoffrey O. Hartzler, MD 


O; the past decade of percutaneous transluminal 
coronary angioplasty (PTCA), greater operator ex- 
-perience and improvements in balloon catheters and 
- guidewires have resulted in lesion success rates of 
- 290%.'2 Despite the improved success of contemporary 
PTCA, numerous new technologies, including lasers, 

stents and atherectomy devices, have recently been intro- 
i duced and championed as potential alternatives to the 
` balloon catheter. The ease and success of current balloon 
procedures mandate that new therapies must either in- 
_erease the primary success rates of interventional ap- 
_ proaches, eliminate or help manage complications, or 
_ reduce restenosis. To better appreciate deficiencies with 
: contemporary PTCA techniques that may be addressed 
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Coronary Angioplasty and Implications for New Technologies 


with non-balloon catheter technologies, we analyzed the 
frequency, cause and outcome of failed PTCA in our 
most recent experience. 
Patients undergoing PTCA during the calendar j year 
1989 for indications other than acute myocardial infarc- 
tion were selected for analysis. Angiographic success or; 
failure for each lesion attempted was coded prospective- 
ly in a computer data base. Successful angiographic 
dilatation of a lesion was defined as a reduction indiam- 
eter stenosis after PTCA to $40% in multiple views. a 
Clinical and procedural records were reviewed in detail _ 
forall PTCAs with 21 unsuccessful dilatations. Mul- 
tivessel PTCA was considered present when lesions in a 
22 epicardial coronary arteries or their major branches oe 
were dilated. ae 
A total of 1,286. PTCAs were rë performed for. indica- 
tions other than acute myocardial infarction. A total oj 










- 3,398 lesions were attempted (2.6/procedure, range l - 


 Areoeraphk » success was achieved i in (3272 : 
















No. hy 
_ Failure to-cross lesion 86 (2.5) 
Failure to cross with guidewire 

Chronic total occlusion 45 (1.3) 

<- Severe tortuosity 18 (0.6) 

_- Retrograde dilatation 4(0.1) 

“Complex lesion preventing wire 6(0:2) 
: : Failure to cross with balloon catheter 

-» Severe tortuosity 9 (0.2) 

Retrograde dilatation 4(0.1) 

to dilate 37 (1.1) 

igid-artery at narrowing 20 (0.6) 

i 170.5) 


3(0.1) 





r the only 1 attempted during the procedure, 
patients successful angioplasty was accom- 
certain areas in addition to failure at 21 


r failed PTCA are shown in Figure I 
le I. The most comon reason that PTCA 
sful was an inability to cross a lesion with 
guidewire or a balloon catheter, which occurred 
lesions attempted. This was due to the 
ronic total occlusions, to severe tortuosity 
ry vasculature, often combined with aorto- 
rtuosity, to attempted dilatations of native 
through saphenous vein grafts in a retrograde 
irection, as previously described,’ or to complex lesion 
cteristics that prevented wire passage. An addition- 
1% of attempted lesions could not be dilated. In 
_ some patients, excessive lesion rigidity prevented full 
balloon expansion, despite high inflation pressures and 
often to the point of multiple balloon ruptures. In 17 
_ other patients, a severe arterial dissection resulted in 
_. luminal compromise. Finally, clinically significant em- 
-boli of friable vein graft material in 2 procedures and of 
mbolized thrombus in 1 procedure resulted in absent 
at erograde coronary flow, and were considered failed 
rocedures. 

This study provides a perspective on the status of 
_ PTCA after a decade of development. Advances in bal- 
loon and guidewire production now permit. successful 
_ PTCA in >96% of lesions in a broad spectrum of patients. 

: The available low-profile balloon catheters with en- 
_ hanced guidewire steerability routinely permit successful 
_ dilatations of lesions in distal and tortuous segments of 
-native coronary arteries, saphenous vein grafts and inter- 
nal mammary arteries. In contrast, most current multi- 
_ fiber laser catheters and atherectomy devices have high 
rofiles and relatively inflexible shafts that currently lim- 
ir application to predominantly large proximal ves- 
thout significant tortuosity. 

uld seem more appropriate to use these newer 
as specialty items for particular anat 
One example that highlights | 






















a expected to result in even en higher success rates. 








Successful 
3272/3398 
Stonoses 
96.3% 





KA Failure to dilate 1 



















| Failure to cross: an 











canalization of chronic total occlusions. With appropriate 
selection and technique, approximately 75% of the chron- 
ic occlusions attempted can be treated successfully.4 Our 
failures with chronic total occlusions resulted from an 
inability to cross the occlusion with a guidewire. Unfortu 
nately, all the coronary excimer laser systems and coro- 
nary atherectomy devices now under investigation re- 
quire guidewire support for safe coaxial advancement. _ 
Therefore, these technologies are not anticipated to have 
a significant impact on success rates for chronic total 
occlusions in the near future. Similarly, severe tortuosity 
was the second most common reason for failed PTCA. As. 
noted above, it is unlikely that any of the non-balloo 
devices will be superior to balloon catheters in negotiating 
these segments. More optimistically, rigid lesions that 
would not dilate despite high inflation pressures, account 
ing for 0.6% of all lesions attempted, might yield to ne 
devices. Based on early experiences, these lesions migh 
be expected to respond to high-speed, rotational, ablative | 
catheters and possibly to catheter-based lasers, = 

In addition to enhancing primary success rates, new 
devices may win a role in the catheterization laboratory if 
they can assist in the management of complications of | 
PTCA. The 2 modes of failed PTCA resulting in compli- 
cations in this study were severe arterial dissections and | 
embolism to distal vessels, together occurring in 0.6% of 
lesions attempted. The management of arterial dissection 
has been assisted by the development of autoperfusion 
balloon catheters, permitting prolonged inflations during — 
attempts to tack back intimal flaps while permitting an- 
terograde flow.’ Very early experiences indicate that new 
devices may further assist in the approach to severe dis- 
sections, including the placement of balloon-expandabl 
stents and the sealing of dissections with laser-heated o 
balloons. a 

The final rationale for shifting to greater use of new 
interventional devices would be the demonstration of re- 
duction in restenosis after PTCA. To date there is insuffi- 
cient data available to indicate that any of the newer 
systems effect the intimal hyperplastic response to arteri- 
al manipulation. 

PTCA has matured to an extremely effective teci 
nique. Furthermore, continued improvements in conven- 
tional balloon catheter and guidewire technology can 



























































hig her profi les, pvenihe- wire guidance, and p: 
inflexibility, may be expected to have a relatively minor 
pact on the overall success rate of contemporary 

_ PTCA. However, as all of the new technologies have been 
introduced only in the last 2 years, further improvements 


in their performance can be anticipated and will require 
ngoing comparisons with PTCA. 
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nassociation between decreased cardiovascular mor- 
tality and high dietary fish intake!~> has suggested a 
possible protective role for n-3 fatty acids against the 
development of coronary artery disease (CAD). An in- 
verse relation has also been observed between the risk of 
CAD and eicosapentaenoic acid (EPA) levels in various 
es.6-10 A reasonable but unproven assumption is that 
tissue levels of n-3 fatty acids correlate with dietary fish 
intake. To test this assumption, we investigated whether a 
elation exists between quantity of chronic fish consump- 
ion and levels of n-3 fatty acids in plasma phospholipids, 
using a previously validated food frequency question- 
~ naire.'! Plasma phospholipids were chosen because they 
are the plasma lipids least sensitive to changes in short- 
term dietary fat intake.!*!> Patients with established 
CAD were chosen because they are the group in which n- 
3 fatty acid levels have been most intensively studied. 
i Thirty-six patients aged 35 to 70 years with angio- 
ae graphically documented CAD were studied before their 
- enrollment in a larger trial of patients receiving fish oil 
_ supplements. No patients were receiving supplements be- 
fore enrollment. All patients completed a dietary food 
frequency questionnaire developed by the Nurses Health 
_ Study group at Harvard Medical School!’ The ques- 
tionnaire divides fish into three categories: “canned 
tunafish (3-4 oz)”, “dark meat fish, e.g., mackerel, 
_ salmon, sardines, bluefish, swordfish (3-5 oz)” or “other 
fish (3-5 02)”. Questionnaires were scored for fish in- 
ke, and daily dietary n-3 fatty acid intake was calcu- 
lated according to standard tables for average n-3 fatty 
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Usefulness of Plasma Phospholipid N-3 Fatty Acid Levels in Predicting a 
Dietary Fish Intake in Patients with Coronary Artery Disease  _ 


< David |. Silverman, MD, Gregg J. Reis, MD, Frank M. Sacks, MD, 
‘Theresa M. Boucher, RN, and Richard C. Pasternak, MD 





acid content in fish.'4 All patients were fasting when 
plasma samples were obtained, 
Total lipid extractions were performed: on all plasma 
samples using a 3:2 hexane/isopropanol mixture (with a 
20:1 solvent/plasma ratio) and washed with 6% sodi 
sulfate.’ The plasma phospholipid fraction was sepa 
rated from total lipid by thin-layer chromatography us 
ing an 83.3% petroleum ether/14.7% ethyl ether/1.9% 
glacial acetic acid solvent mixture.'° Each phospholipid 
sample was then esterified in the presence of methanol 
HCP? and analyzed by gas-liquid chromatograph 
(Hewlett-Packard Model 5980) under the following 
conditions: column, 0.32 mm X 100. m, phase, 90% bis- 
cyanopropyl, 10% phenylcyanopropyl siloxane (Reste. 
Corporation), H; carrier gas, average linear velocity 44 
cm/s, flame ionization detection, autoinjection. ‘Arachi- 
donic acid, EPA, docosahexaenoic acid (DHA) and total 
n-3 fatty acid content (EPA + DHA + docosapentaeno 
acid) are reported as the mean percentage of total plas- 
ma phospholipid fatty acyl methyl esters after correc- — : 
tion, using response factors of authentic standards. 
Calculated daily n-3 fatty acid intake was compared 
with plasma n-3 fatty acid levels using Spearman's rank 
correlation coefficient. A rectangular hyperbola [y =ax/ 
(1 + bx), where y = plasma phospholipid fatty acid level __ 
and x = dietary n-3 fatty acid intake] was fitted tothe _ 
data for EPA and total n-3 fatty acids, and the coeffi- 
cient of determination (R°) was calculated. Patients were 
alsa divided into quartiles of daily dietary fish intake = 
and the relation between plasma levels of n-3 fatty acids 
in each quartile of dietary fish intake was tested using 
multiple sample comparison. 
Daily dietary n-3 fatty acid intake was linearly rela 
ed to plasma phospholipid levels of both total n-3 fat 
acids (r = 0.50, p <0.01) and EPA (r = 0.45, p <0.01 
Because the observed correlation is disproportionat ely 
enhanced by the small number of subjects with high 
fish intake and higher concomitant plasma n-3 fatty 
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ee AA = arachidonic acid; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid; N-3FA « n-3 fatty acids; NS = not significant; pph = plasma phospholipid fraction. 


establish whether the relation between dietary n-3 fatty 
acid intake and plasma n-3 fatty acid levels might not be 
"he curve relating total n-3 fatty acids (Figure 1) 
ighly significant (R? = 0.91, p <0.0001). An equal- 
significant relation was observed between EPA and 
etary n-3 fatty acid intake (R? = 0.84, p <0.0001). 
There was no significant relation between n-3 fatty acid 
` intake and arachidonic acid levels (r = —0.003, p >0.1). 
Finally, plasma phospholipid n-3 fatty acid levels in 
ach quartile of daily dietary fish intake were compared 
able I). Mean plasma phospholipid EPA and total n-3 
cid levels were significantly higher in the highest 
e of dietary n-3 fatty acid intake compared with 
st quartile. No difference was found for arachi- 
id among quartiles of dietary n-3 fatty acid 
No correlation was found between daily dietary n- 
ty acids intake and other long-chain unsaturated 
y acids, including oleic and linoleic acid. Further- 
e, daily saturated or polyunsaturated fatty acid in- 
id not appear to influence plasma n-3 fatty acid 
a phospholipid levels. 

< The data presented in this study suggest that plasma 
z phospholipid n-3 fatty acid levels accurately reflect 
-chronic fish consumption. Traditionally, adipose tissue 
levels of fatty acids have been used as the best measure of 
long-term intake because they are the least influenced by 
_ short-term variation in fat intake compared with other 
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tissues. 18! Fatty acid levels within plasma phospholipids, 
while not as stable.as levels in adipose tissue, are relatively _ 
unaffected by daily changes in fatty acid intake.2°?! The _ 
method described accurately detects very low levels of — 
fatty acids in plasma phospholipids without requiring _ 
prior isolation of phospholipid-containing lipoproteins. 
Plasma phospholipid levels offer several practical advan- 
tages over more traditional methods of fatty acid quanti- 
fication in terms of the amount of sample needed, the ease’. 
of sample collection (phlebotomy as compared to fat bi- 
opsy) and the preparation required for quantification by ; 
chromatography. 

The selected population studied (CAD patients) and 
the fact that only one measurement of plasma levels 
obtained, raises concerns about the accuracy and pr 
sion of the relation reported. Nevertheless, dietary n 
fatty acid intake and plasma n-3 fatty acid levels 
found to be significantly related by all 3 methods u: 
test their relation: linear regression, curve fitting analysis 
and comparison by quartiles. A larger sample of ind vid 
uals, including those without CAD, would presuma 
include a proportionately greater number of individuals 
with higher fish intake and would likely strengthen th 
observed relation. In terms of reproducibility, measure- 
ments of plasma fatty acids at several time points would 
only increase the correlation coefficient with dietary m3 : 
fatty acids as random error decreased.*? i 
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eatine Kinase-MB Activity After Implantation of a 


Cardiac Pacemaker 
Paul Gram-Hansen, MD, Finn E. Nielsen, MD, and Ib C. Klausen, MD 


dentification of creatine kinase (CK) isoenzyme CK- 
B has made an excellent improvement of the diagno- 
‘sis of myocardial infarction.! Cardiac muscle contains 
elatively large amounts of CK-MB. CK-MB is also pres- 
ent in skeletal muscle. Injury to skeletal muscle may 
therefore result in elevation of “non-cardiac” CK-MB 
and cause difficulties in the diagnosis of myocardial in- 
farction.27 Elevation of CK-MB may also be expected in 
direct cardiac muscle injury, but previous studies reflect- 
ing this relation have shown only a slight increase in CK- 
_ MB isoenzyme activity. 4 This study evaluates total CK 
and isoenzyme CK-MB activity in patients undergoing 
cardiac pacemaker implantation. In this procedure there 
injury to cardiac.and skeletal muscle. 
Seventeen consecutive patients gave informed consent 
Jor the study. There were 11 men and 6 women. Median 
ge was 78 years (range 66 to 86). One patient was 
luded because of development of acute myocardial 
during the first day after pacemaker implan- 
are patients w were excluded because of acciden- 


feral edici Albora Hopital, DK-9000 


tal intramuscular injection. After incision through the 
upper left pectoral muscle an Elema electrode was in 
serted through the left subclavian vein and directed 
the right ventricle, where the electrode was implanted in 
a stable position. The procedure was finished with im- 
plantation of a battery in the pectoral muscle. Samples 
for enzyme analysis were taken from an antecubital vein 
before and 8, 16 and 24 hours after the procedure. 
Totel CK and CK-MB were assayed spectrophoto- 
metrically after the recommendation of Gerhardt and 


Waldenstrom.> Upper reference limit for total CK and : 


CK-MB is 270 and 6 U/liter, respectively. CK-MB val- 
ues lower than 6 U/liter were not analyzed further and 
were accepted as 6 U/liter. CK-MB values at the lower: 
end of activity measurements were not the aim of this 
study, since difficulties in the diagnosis of myoe 
infarction appear at CK-MB values above 12 /li er, 


cardial infarction. Statistical analysis 
nonparametric procedure using Wilcoxo 











aues ioe the upper sila limit (>6 
o ut the elevations were slight and only 1 patient 
a hada a CK-MB activity above 12 Ufliter. This patient had 
-no signs of myocardial or cerebral infarction and had a 

_ total CK activity lower than the upper reference limit. 
<- On the basis of the present report, cardiac pacemaker 
aplantation results in only a minimal elevation of isoen- 
























fe wish to show that cardiologic variability can be 
examined with benefit by the concepts and comput- 
sthods of chronobiology, the science (logos) of life’s 
ios) time (chronos) structure. From heart rate data ina 
article,! dynamic end points are obtained to quan- 
Ith.2 On a group basis, when conventional end 
ts applied to 2 sets of electrocardiographic records 
separate for sudden adult death, chronobiologic 
id points already do so.? Novel information not obtained 
: conventional location or dispersion indexes? can be 
ed by the computation of the circadian and other 
amplitudes.* Beyond sudden death after myocardial in- 
_. farction, the importance of these amplitudes has been 
demonstrated in several additional cases of cardiologic 
_ interest?: (1) the amplitudes of several rhythmic compo- 
„nents. of systolic or diastolic blood pressure separate 
groups of human newborns with a positive versus negative 
family history of high blood pressure or cardiovascular 
diseases, or both, when the mean based on the same data 
does not do so; (2) in children 29 years old, the circadian 
amplitude and acrophase of blood pressure, but not the 
mean, separate groups at low or high risk of developing 
high blood pressure later in life; (3) at 15 years of age, the 
circadian amplitude of diastolic blood pressure, but not 
the mean, correlates with the thickness of the interven- 
o tricular septum of the heart. 
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Rhythm indexes that serve on a group basis as classi- 
fiers and potential harbingers of a heightened cardiovas- 
cular risk will have to be individualized for use in the — 
clinic as well as in research. The task on hand is to assess 
the relative merits of the various uses of time-unqualified 
model-free end points*ć when they work versus the use 
chronobiologic indexes, such as the rhythm characteris- 
tics of the acceptable (in this:sense “normal”) heart rate 
In this context, a single 24-hour cycle from a circa 
viewpoint corresponds to the radial pulse based on a si 
gle heartbeat. Chronobiologic. recorders and analyzers 
that store and analyze the data as one goes, already 
available in chronobiologic pacemaker prototypes, may 
constitute a step in the direction of obtaining sufficient — 
data for preventive rather than “after-the-fact” therapy. 

When viewed on original records, circadian changes | 
can be very irregular. This irregularity can be smoothed 
by averaging. Circadian changes in heart rate and blood 
pressure can then be displayed in time plots, time-macro- 
scopically.'-3 Statistical location indexes, such as hourly — 
means over 24 hours, can be used to illustrate the changes 
in the variables themselves and also in the variability of a 
given body function, estimated as a dispersion index, such _ 
as the standard deviation or the standard error of mea- 
surements collected over consecutive hourly spans. 
Graphs of both hourly means and standard errors along 
the scale of 24 hours have been published for subjects _ 
with a seemingly acceptable or elevated blood pressure? _ 
and analyzed? by the fit of a 24-hour cosine curve and 
harmonics performed with the precautions of the time- 
microscopic technique of the cosinor.’ Avie in a 
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_ played over the course of 24 hours in parallel with hourly 
- heart rate means. 

- Cosinor analyses of averages taken off the published 
a. graph! (Figure 1) validate a circadian rhythm for heart 
-rate and its variability (p <0.001), accounting for 83 or 
69% of the total variance, respectively (Table I). These 
- analyses derive rhythm characteristics revealing, when 
the data are expressed as a percentage of the mean, a 
_ difference in timing (p <0.001) in the absence of a differ- 
ence in amplitude (p = 0.571) between the 2 variables. As 
a measure of timing, the acrophase is expressed i in degrees 
-as the lag from midnight (0°) of the crest time in the 
-cosine function fitted to the data (360° = 24 hours, 15° = 
at hour and 1° = 4 minutes). Whereas the heart rate 

“peaks” at ~249° + 6° from midnight (16:36 + 0:24), 
oh the fe standard deviation of the RR intervals peaks almost 
in antiphase, at —72° + 8° (04:48 + 0:32) from midnight 
igure 1). The consideration of the second (12-hour) 
and third (8-hour) harmonics further improves the fit, 
accounting for 98 and 97% of the total variance without 
ut duly altering the acrophase estimates (Table I). Such 
end points complement other approaches to heart rate 




















iger et alô define variability as “... the standard 
tion of all normal RR intervals ina 24-hour continu- 
electrocardiogram recording ...,” whereas Rich et 
alculate it as “... 5-minute means of sinus cycle 
ths,” assessed in 24-hour ambulatory electrocardio- 
$. The association of an increased mortality after a 
ocardial infarction with a reduced heart rate variabili- 
ty (standard deviation of RR intervals <50 ms) reported 
-by Kleiger et al° suggests an association with the circadi- 
-an amplitude of heart rate. The standard deviation de- 
_ rived from 24-hour recordings may indeed be considered 
“as a rough approximation of the circadian amplitude. 
This impression is supported by a statistically significant 
- correlation between these 2 indexes for a population of 40 
_ clinically healthy men, 20 to 60 years of age, monitored at 
` 7,5-minute intervals for 24 hours on 2 occasions’® (data 

. averaged hourly, r = 0.946, p <0.001; Figure 2). 
It is important to specify how heart rate variability is 
i “assessed. A reduced heart rate variability (computed on 
_ 5-minute spans) was also found by Rich et al® to correlate 
_ with mortality in patients undergoing elective coronary 
angiography, but not with other clinical, angiographic or 
_ Holter variables. When computed over the whole 24-hour 
_ span by Kleiger et al,’ it did so, although on a different 
sample, A difference between the 2 approaches to com- 
_ pute heart rate variability may contribute to these results, 
-relating to different (circadian versus ultradian) regions 
of the spectrum. When computed over hourly intervals, 
the standard deviation is likely to undergo circadian 
chi nges ı related to the wave form of the circadian rhythm 

te 





spans. “Heart rate variability was expressed as the = ion credit t 
` computing the standard deviation of RR intervals ov 
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the circadian wave form of heart rate with the variabili 
of RR intervals as such is reduced. The antiphase be- 
tween the rhythms in heart rate and its variability is thus 
unlikely to be a consequence of the wave form of the : 
circadian heart rate rhythm. a 

To check on the properties of the standard deviation : 
as a function of the interval over which itis calculated and _ 
to rule out any artifact in the rhythmicity of heart rate 
variability reported by Huikuri et al,! computer simula- - 
tions were performed. Beat-to-beat heart rates over 24. 
hours were simulated using the 3-component model of — 
Table I, contaminated with a normally distributed error- 
term of zero mean and constant variance. As expected, 
the standard deviation calculated over the whole 24-hour | 
span approximates the circadian amplitude: that which is. 
calculated over consecutive hourly spans undergoes a cir- 
cadian rhythm with an acrophase around awakening, _ 
whereas that calculated over consecutive 5-minute spans: 
and averaged hourly does not exhibit similar changes. 
The fact that the 2 rhythms have an almost opposite _ 
timing, as reported for heart rate! and earlier for blood 
pressure,‘ is also in keeping with the negative correlation — 
between heart rate variability and heart rate itself, re- 


Regression of Circadian Amplitude and 
24-h Standard Deviation of Heart Rate 


Circadian Amplitude (bpm) 








tification of a time structure in i heart rate variability 

s for facilitating the recognition of any early devi- 
„ation that may point to an increased cardiovascular dis- 
se risk. Beyond the context of a mechanism for the 
erse relation between heart rate and its variability and 

its bearing on sudden cardiac death, an earlier finding 
made with chronobiologic methods gains in interest: An 
increased incidence combined with an amplified, phase- 
hifted circadian rhythm of premature ventricular beats 

in a 24-hour electrocardiogram performed after a myo- 
rdial infarction characterizes patients who die suddenly 
within 5 years compared with those who survive (Figure 
). The groups were separated by considering the features 
of the circadian rhythm, but not when only the average 
24-hour incidence of ventricular premature beats was 
used. Variability without or preferably with chronobiom- 
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prompt research into the factors underlyin 
ence in pattern illustrated in Figure 3. a. 
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Chronobiologic analyses based on the circadian amplitude and acrophase in addition to the 24-hour ‘ 
eet, a frani ectopion in 24-hour ECG ecard (p ~ 0.002) in separating groups of patients who 
f pied with permission from Orth-Gomer K, Corniesen €, Haters F, Sothern R, Akerstedi T. Relat 
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_ APPENDIX 

- Definition of Terms (Figure 4) 
| Cosinor: statistical summary with display on polar coordi- 
- nates of rhythm characteristics. The single cosinor adjusts, by 


and angiographic va bles and: “le le 
ticipated on the basis o ‘prior 


providing point-and-interval estimates of MESOR, amplitude 
and acrophase; statistical significance of the fitted function is 
checked by means of a zero-amplitude test. The population 
mean cosinor derives inferences for the population from parar 
eter estimates obtained from 3 or more individuals or from 3 or 
more. time series obtained from the same individual. : 
 MESOR: an acronym for the midline-estimating statisticof 
rhythm; rhythm- -adjusted mean, defined as the average 1 value of 
a rhythmic function fitted to the data. The MESOR differs 
from the arithmetic mean whenever the data are nonequidistant — 
and/or cover a non-integral number of cycles, in which case the 
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rhytho-adjusted mean (Midline-Estimating 
Statistic Of Rhythm), defined as average value of 
rhythmic function (8:9., cosine curve) fitted to data: 
expressed in same units as original data. Note that 
MESOR will differ trom arithmetic mean. if data are 
unequidistant (e.g... concentrated near crest of rhythm) 
and/or cover non-integral number of cycles. 





duration. of one complete cycle in 

rhythmic function: expressed in time units, such : 
as seconds, hours, days or years, oF in: physiologic 
units such as complete cardiac. respiratory or 
mentrual cycle; equated to 360° tor angular 
expression of acrophase. 
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ACROPHASE, ® ico trom reference time ot 


in rhythm, defined by rhythmic function fitted to 
data: expressed in original or “relative” units, eg. 
as percentage of series mean or MESOR. 


rhythms crest-time, defined by rhythmic function. =. 
fitted io data: usually expressed in (negative): 
degrees, with 360° = period, 0° = reference time: 
customary time units (e.g;, clock-hours and minutes. 
days, weeks. months or years) or physiologic UNIS 
(e.g:, numberof heart beats, respiratory or menstrual 
cycles) also appropriate for ren AEren ; 
with corgseonana period, s 













lly more accurate (i.c., associated with | 









ng). 

usually more precise (i. e., associated witha smaller standard 
error) if the time series. undergoes a rhythmic change. ~ 

= Period: duration ef 1 complete cycle of the rhythmic func- 
tion. 

Amplitude: half the total predictable change defined by the 
. rhythmic function fitted to the data. 

|. Acrophase: lag from a given reference time (such as mid- 
night) of the rhythm’s crest time, defined by the rhythmic 
_ function fitted to the data. The acrophase is expressed in (nega- 
tive) degrees, with 360° equated to the period length and 0° 
_ taken as the reference time. In the case of circadian (24-hour) 







1 data are equidistant, the MESOR is abo l b 


 Gircadian: relating to biologic variations or rhythms vith. a 
frequency of | cycle in 24 + 4 hours. - 
Ultradian: relating to biologic variations. or rhythms £ 
frequency higher than circadian (i.e; with a period | shorter thar 
20 heurs). 
Harmonic: any periodic function with a given periods 7, can 
be considered as the sum of a constant term (MESOR) and 
cosinusoidal functions with periods r, 7/2, 7/3,.. with given o 
amplitudes and acrophases. The component with a periody is 
the fundamental or first-order harmonic. The Pema witha = 
period r/n is the nth harmonic, where n = 2,°3, . : 
























ifty years ago, the average survival of patients with 
malignant hypertension was only 10.5 months. When 
antihypertensive treatment became available in the 
1950s, incidence and prognosis improved dramatically. 
~ Recently, a 5-year patient survival of >70% among white 
patients was reported. | Malignant hypertension is now 
relatively rare and is more prevalent among black? than 
among white patients. ' We studied the outcome of malig- 
nant hypertension in predominantly black patients seen 
at an urban inner city hospital between 1985 to 1988, 
because little recent information exists about the progno- 
sis of this disease in black patients. We also investigated 
factors that might have contributed to the development of 
q alignant hypertension in our patients. 
We used computerized diagnosis files to review the 
medical records af patients who were admitted to the 
hospital with severe hypertension (diastolic blood pres- 
sure >130 mm Hg) for the years 1985 through 1988. 
_. Twenty patients who met the World Health Organiza- 
_ tion criteria (grades III and IV hypertensive retinopathy) 
` for malignant hypertension? qualified for inclusion in 
the study. All had essential malignant hypertension on 
-the basis of history, examination and routine investiga- 
tions. The medical records were used to determine race, 
_ history of hypertension, antihypertensive drug treat- 
_ ment, cigarette smoking, and alcohol and illicit drug use. 
Clinical characteristics of our patients are listed in 
“Table I. Eleven men and 9 women (mean age 42.5 years) 
_ were studied. Eighteen patients were black. Mean systol- 
te and diastolic blood pressures were 233 and 156 mm 
Hg, respectively. Serum creatinine level was elevated 
(21.5 mg/dl) in 18 patients. Mean serum creatinine level 
was 5.4 mg/dl (range 1.1 to 30). Follow-up serum creati- 
ine level, lla in 15 patients, had increased (>1 
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Prognosis and Predisposing Factors for Essential Malignant 
‘Hypertension in Predominantly Black Patients 
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mg/dl) in 6, decreased in 4 and did not change in 5, Left 
ventricular hypertrophy by electrocardiogram or echo- _ 
cardiogram was present in 15 of the 19 patients studied 
All except 2 patients were symptomatic at the time of 
diagnosis. The most common complaints were headache. 
visual symptoms, nausea or vomiting, and dizziness 

Seventeen patients gave a history of having hyperten- 
sion (mean duration 5.8 years, range 1 to 25). All had = 
received antihypertensive drug treatment previously but 
16 had discontinued it for periods of 3 days to § years. ose 
Seventeen of 19 patients had habitually smoked ciga 
rettes within the 2 months before hospitalization. Fifteen 
patients gave a history of illicit drug use or ingestion of ‘ 
















| TABLE! Clinical Features in 20 Patients with Malignant — 
Hypertension 











BP Duration Last Dose of 
















Age (yr) (mmHg) of SH Antihypertensive : 
Case &Sex (s/d) (yr) Medication Outcome 
1 26M 220/160 U Never Hemodialysis 
2 27F 200/140 2 2 weeks Transplant. 
3 31F 240/160 1 2 months Alive : 
4 31F 200/140 1 1 week Hemodialysis: 
5 34M 260/184 1 5 days Dead : 
€ 35M 230/160 7 2 years Alive 
7 35F 220/180 1 2 weeks Dead 
& 35F 230/140 5 3weeks Alive ; 
G 37M 240/160 1 “weeks” Hemodialysis." 
1¢ = 38M 210/160 7 4 years Hemodialysis 
1k 39F 260/164 5 “weeks” Dead 
123 43M 210/140 3 “weeks” Hemodialysis.’ 
13 46F 270/160 U Never Alive 
l4 46F 180/132 6 4 years Alive... 
18 54M 260/160 3 3 days Dead 
16 56M 240/160 15 1 week Alive: 
Z 86F 250/170 15 5 years “Alive: 
18 50M 260/140 U Never “Alive oo 
19. 61M 240/170. 25 Current » Dead: 
20. 61M 240/140: 18 “years” Dead 










BP = blood pressure; s/d= peak systole /< end diastole: SH = z systemic foperter : 
Slot = PunAWare. oo ; i 







were as follows: cocaine (7 patients), alcohol (8 pa- 
tients), heroin (4 patients) and phencyclidine (I patient). 
-Follow-up period ranged from 1 to 54 months (mean 
16). Six patients died within 3 to 24 months (mean 9): 
The causes of deaths were: sudden cardiac death (2 
_ patients), ruptured aorta (1 patient), uremia and sepsis 
~- (2 patient), and hypertensive encephalopathy (2 pa- 
- tients). Two patients required hemodialysis acutely. In 
1, dialysis could be discontinued and his serum creati- 
- nine at 30 months was 3.5 mg/dl. The second patient 
remains on hemodialysis 52 months later. Five other 
patients developed progressive renal failure and entered 
-a long-term hemodialysis program 17 to 54 months 
(mean 34) after malignant hypertension was diagnosed. 
One of these subsequently received a renal allograft, 
which continues to function 24 months later. Twelve- 
-and 54-month patient survival were 76 and 71%, respec- 
tively. The corresponding figures for renal survival (i.e. 
atients surviving with their native kidneys) were 71 and 
43%, respectively. 
Sparse information exists regarding factors that 
might predispose to the development of malignant hyper- 
tension. Suboptimal therapeutic compliance is a major 
__ problem in hypertensive patients. In our study, 16 of 17 
(94%) patients had discontinued their antihypertensive 
treatment before the development of malignant hyperten- 
on. This could have resulted in progression to the malig- 
phase because of rebound phenomenon, or more 
due to the high pressure that had probably contin- 
er cessation of treatment. 
Interestingly, cigarette smoking was 2.5 times the in- 
dence rate expected for this population* (p <0.005). 
pidemiologic studies failed to show any relation between 
cigarette smoking and the level of blood pressure. It has 
-> been suggested that cigarette smoking may predispose to 
-= the development of the malignant phase in a patient who 
is already hypertensive.° 
A large increase in systemic blood pressure may occur 
during cocaine use in conjunction with preexisting sys- 
temic hypertension.® One of our patients (case 5) re- 
quired repeated hospitalizations for episodes of severe 

























oo RV RV; Voltage Ratio in Systemic Hypertension 


| ‘Luis Rodriguez Padial, mp, Angel Navarro Lima, MD, and Jose Sanchez Dominguez, MD 


fs Aes between the R-wave voltage of leads Ve and Vs 

< JPA>1.0 has been reported to be useful in the diagnosis 
of left ventricular (LV) hypertrophy in different clinical 
situations: Recently, Spodick and Koito? studied the sen- 
sitivity and specificity of additional cutpoints <1.0 in 





From the Cardiology Division, Sección de Cardiologia, “Virgen de la 
ud” Hospital; Avenida de Barber, s/n, 45004, Toledo, Spain. Manu- 








May 29,1990. 


exces ve amounts of alcohol, or both. Details of usage hypertension that culminated in a malignant phase and 





ived April 2, 1990; revised manuscript received and accepted . 


THE AMERICAN JOURNAL OF CARDIOLOGY OCTOBER 1, 1990 869 






















































was temporally related to cocaine use. Moreover, persons _ 
who consume more than 2 to 3 alcoholic drinks per day 
tend to have higher blood pressures. However, we are 
unaware of any studies linking cocaine or heavy alcohol 
use to malignant hypertension. e 
The major cause of mortality in malignant hyperten- 
sion was uremia. Aggressive treatment with antihyper- _ 
tensive drugs in conjunction with dialysis treatment have. a 
lead to stabilization and even reversal of uremia in some 
cases. As a result, the number of patients dying from 
irreversible renal failure has been reduced and overall: 
patient survival has improved. oe 
Strategies aimed at the prevention and treatment of: 
hypertension may be a key step toward a reduction in the- 
risk of developing malignant hypertension. Despite the _ 
difficulties of achieving this goal, the benefits are multi- 
faceted, including a reduction in cost as a result of fewer — 
hospitalizations and less complications. Provision of bet- 
ter access to adequate health care facilities is essential if 
these expectations are to be realized. Finally, weareinan _ 
era in which available funds are limited. Since the enact- 
ment of legislation in 1972, physicians are required to 
provide treatment for end-stage renal disease to all pa- 
tients with Medicare coverage unless therapy is medically. 
contraindicated. Even a small decrease in the end-stage 
renal disease program pool could effect significant reduc- 
tion in the 2 billion dollar program costs. The issue of 
cost-effectiveness and the problems arising out of the — 
escalating costs of health care delivery to the inner city 
poor will require careful evaluation. 


1. Yu S, Whitworth JA, Kincaid-Smith PS. Malignant hypertension: aetiolog: 
and outcome in 83 patients. Clin Exper Theory and Practice 1986,A8:1 211-1230. 
2. Pitcock JA, Johnson JG, Hatch FE, Acchiardo $, Muirhead EE, Brown, PS 
Malignant hypertension in blacks. Human Pathol 1976;7:333-346, ae 
3. World Health Organization. Report of a WHO Expert Committee. Arterial 
hypertension. WHO Technical Report Series. Geneva 1978,628:29-30. eh 
4. The health consequences of smoking. Nicotine addiction. A Report of the 
Surgeon’ General 1988; US Dept of Health and Human Services. oan 
5. Bloxham CA, Beevers DG, Walker JM. Malignant hypertension and smoking. 
Br Med J 1979:1-581 ~383. ACS 
6. Barth W IH, Bray M, Roberts WC. Rupture of the ascending aorta during © 
cocaine intoxication. Am J Cardiol 1986,57:496. oe 


cardiomyopathy and valvular heart disease, and showed _ 

that the sensitivity of this index is lesion-related. Never- _ 
theless, to our knowledge, there has been no study about - 

the usefulness of this ratio in systemic hypertension. Giv- | 
en the frequent use of the electrocardiogram in the study _ 
of the hypertensive patient to discover LV hypertrophy, 
we think that it may be interesting to study the sensitivity 
and specificity of different cutoff points of this ratio in 
systemic hypertension. Further, a comparison of this in 
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with LV Mass 
DR es >215 2 215g eae 
ECG Criteria. o (n= 46) (n = 28) Sensitivity Specificity 
4 5 0.08 0.82 
7 7 0.15 0.75 
7 7 0.15 0.75 
13 ll 0.28 0.60 
22 13 0.47 0.53 
33 16 0.67 0.42 
39 20 0.84 0.28 
41 22 0.89 0.21 
i ó 46 28 1 0 
 RaVi>iimm 5 2 O11 0.93 
CO RVe-We+ SVI >35 mim 8 2 0.17 0.93 
Largest R+S>45 mm 3 0 0.06 1 
R-E Score 25 5 0 O11 1 ; 
eS electrocardiographic; LV = left ventricular; Largest R + S = Largest R wave plus largest $ wave in precordial leads; Ravi. = R wave.amplitude.in. eai avi a Omm Ly. ; 
E Score = RomhiltEstes paint score systern: RVs-RVg + SV; = R-wave a amplitude in Vs or Ve (the largest) plus S-wave amplitude in lead Vi (10 mm #1 mv): 














dex with other well-known and frequently used voltage 
ae criteria’ will be worthwhile. 

M-mode and 2-dimensional echocardiograms and 
i 2-lead electrocardiograms (10 mm = 1 mV) were ob- 
tained in 74 consecative patients (in order of when they 
ere diagnosed) with essential hypertension (blood pres- 
sre 2140/90 mm Hg) seen in a general hospital. Pa- 
ents with heart diseases (valvular heart disease, cardio- 
pathy, coronary artery disease, and so forth) and 
inconclusive echocardiograms were excluded, as well as 
cbjects with left bundle branch block, other intraven- 
icular conduction defects or preexcitation in the elec- 
ocardiogram. LV mass was calculated using the Penn 
nventions. LV mass (g), = 1.04 [(LVID + PWT + 

ae - LVID|? — 13.6, where LVID is end-diastolic 






























left ventricular internal dimension, PWT is ondidiasioli 
posterior wall thickness and VST is end-diastolic vei 
tricular septal thickness. An LV mass $215 g was con- 
sidered normal.*4 The RV¢:RVs voltage ratio, as well 
as R-wave amplitude in aVL (normal £11 mm), R wave 
in Vs or Vs + S wave in V; (normal <35 mm), largest 
wave + largest S wave in precordial leads (normal <4 
mm) and the total points in the Romhilt-Estes scoi 
system (normal <5 points) were measured in the electro- 
cardiograms 3 

The blood pressure was 157 + 15 mm Hg ¢ 
and 100 + 5 mm Hg (diastolic). Among the: 








atie 
(27 men and 47 women), aged 49 + 11 years, an LV im so 
>250 g was found in 46 (62%). The LV mass was 258+ 

95 g: The RV RV; ratio was 0.82 + 0.22. The sensiti 
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FIGURE 1. The £ and specificity — 
of each cutoff RVs:RVs ratio is shown. As a 
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pecifi city and accuracy of each cutoff point studied used ones for the study of cardiac hypertrophy in systemic 
RV6-RVs voltage ratio, and other measurements, hypertension, given that a highly sensitive technique is 
lin Table I and shown in Figure 1, A compari- needed for screening. This is more important if we realize 
ng RV&RV; >0.65 and other criteriais shownin that electrocardiographic LV hypertrophy has indepe 
As the ratio RV:RVs increases, the specificity dent prognostic significance in hypertension.* 
es at the expense of sensitivity. A ratio RVeRV5 
elds the best accuracy for these patients, for ; 
a hnique with high sensitivity is needed. A ratio 1. Koito H, Spodick DH, Accuracy of the RV6:RV5 voltage ratio for inerea 
V; >0.60 has the best sensitivit but poorer speci- left ventricular. mass. Am J Cardiol 1988,62:986-987. 
y p! 
ahd a lesser accuracy. The other criteria have a 2. Spodick DH, Koito H. Differential sensitivity of the RVO:RV5 voltageead 
ig h bu i l h h pathogenesis of left ventricular hypertrophy and diagnostic cutpoint. 4m J © 
specificity but a sensitivity far less than the diol 1989,64:817-819. 
RVcRVs voltage ratio. a Chou Te, Lett ee bypertrophy. fn Eecrocaringrasty in Clinic 
a! ractice. ando. rrune tration, k 
According to our data, a ratio between the R-wave 4 Devereux RB, Philips MC, Casale PB, Eisenberg RR, Kligfield P. Geometri 
voltage of leads Vo and Vs >0.65 is a simple and useful determination of electrocardiographic left ventricular hypertrophy. Circwlatio 
index of LV hypertrophy in the hypertensive patient, with % oe “67: Wa. Mi Cedi E aie 
anne: annen ‘evaience ang nature al his! ory o OCATOIG= 
a sensitivity of 89%, a specificity of 21% andan accuracy graphic left ventricular hypertrophy, In: Messerli FH, ed: The Heart ànd Hyper 
` of 64%. This index is much better than most frequently tension. New York:Yorke Medical Books, 1987;53-61. 
eq y 
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m ransthoracic echocardiography and color flow Dopp- aortic valve position.’ These studies have emphasized: 

ler have been shown to be of value in evaluating limitations of this technique in diagnosing SJM mi 

regurgitant St. Jude Medical (SJM) prostheses in the regurgitation because of flow masking and signal att 
ae ————_ uation produced by the echo-reflective metallic va 
om the Henry Ford Heart and Vascular Institute, Division ‘of Cardio- Transesophageal echocardiography and color flow D 
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sound experience with 28 normal functioning and 8 re- 
gurgitant SJM prostheses in the mitral valve position. 
Transthoracic and transesophageal echocardiogra- 
phy and color flow Doppler studies were performed in 36 
patients with SJM prostheses in the mitral position by 
previously reported techniques.’ At transesophageal 
study, the valves had been in place from 1 day to 42 
months (mean 12 months). Of the 36 transesophageal 
valve studies, 28 appeared normal and 8 had features of 
valve regurgitation. In the 8 patients, regurgitation was 
substantiated by cardiac catheterization and angiogra- 
phy in 4, and valve replacement surgery in 5. The pros- 
thetic valve replacement surgery was performed within 8 





FIGURE 1. Transesophageal color flow Doppler of a patient 
with “physiologic” mitral regurgitation. Note the 3 regurgi- 
tant jets (arrows), which are of narrow width, central, and 
have color flow reversal and mosaic features limited to only 1 
of 3 jets. LA = left atrium; LV = left ventricle; MV = St. Jude 
mitral valve. 





FIGURE 2. Transesophageal color flow Doppler of regurgitant 
St. Jude mitral valve (MV). Note that the “pathologic” para- 
valvular regurgitant jet (arrow) is eccentric in its origin, occu- 
pies >50% of the left atrial chamber, and demonstrates a 
marked degree of color flow reversal and mosaic feature. LA 
= left atrium; LV = left ventricle; RA = right atrium. 
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days of transesophageal study. In 12 patients the transe- 
sophageal study was performed in the operating room, 
whereas in 24 others the tests were performed on awake 
patients. 

All valves were evaluated by color flow Doppler for 
the presence or absence of valve regurgitation. The color 
flow gain and reject settings were adjusted to just below 
the level at which background noise was seen. The color 
flow Doppler regurgitant jet length, width, duration, lo- 
cation, shape and color characteristics were evaluated by 
playing back the video tape and frame-by-frame analy- 
sis. The extent of the prosthetic mitral valve regurgita- 
tion jet by transthoracic and transesophageal color flow 
Doppler was semiquantitated by relating it to the left 
atrial chamber.’ 

Transesophageal color flow Doppler demonstrated 3 
regurgitant jets (Figure 1) in all 28 normal functioning 
SJM mitral valves. The jet length varied from 1 to 3.5 
cm and the width from 0.5 to 1.5 cm in awake patients 
and from 0.6 to 2.5 cm and 0.4 to 1 cm, respectively, in 
anesthetized patients. In all the patients, the regurgitant 
jet was holosystolic, centrally located and occupied 
<50% of the left atrial chamber. Occasional color flow 
reversal and mosaic pattern limited to a small area of the 
jet was observed. In awake patients there was variation in 
the length, width and degree of color flow reversal and 
turbulence within the same jet and in the same persons at 
different times of the procedure. 

Both transesophageal and transthoracic 2-dimen- 
sional echocardiography of normal functioning St. Jude 
mitral valves demonstrated multiple echoes emanating 





of a patient 
with regurgitant St. Jude mitral valve (MV). Note that in this 


FIGURE 3. Transesophageal color flow 


patient there are 2 pathologic regurgitant jets (arrows) filling 
the left atrium (LA). LV = left ventricle. 
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um, ah | PE 
thy eourgitant SIM protheses had 
tolic color flow Doppler regurgitant jet occupy- 
) 90% of the left atrial chamber. The jet varied in 
ngth from 3 to 5 cm and in width from 3 to 4cm. Inall 
patients, these jets were eccentric (paravalvular), 
shaped as a wide crescent or teardrop, with color flow 
sal and mosaic pattern involving almost the entire 
jet (Figure 2). In 3 patients with previous endocarditis 
there were 2 sites of origin of the color flow regurgitant 
- jet (Figure 3). 
Transthoracic color flow Doppler using multiple 
coustie windows in these 8 patients demonstrated either 
regurgitation i in 4 patients or only mild regurgitation 
patients). It was not possible from transthoracic color 
ow Doppler to determine if the mild regurgitation seen 
in these 4 patients was physiologic or pathologic. At the 
irgery the site of valve regurgitation was para- 
lar in all 5 instances. 
th transesophageal and transthoracic 2-dimen- 
l echocardiograms were normal in 7 of 8 regurgi- 
tant valves. Vegetations or mass echoes were observed in 
d patient who had a small mobile mass at the valve 
ring demonstrable by transesophageal but not by 
oracic 2-dimensional echocardiography. At the 
} ry this patient had vegetations and dehis- 
valve at its sewing ring. 
hageal color flow Doppler reveals “physio- 
stolic mitral regurgitation in all patients 
functioning SJM prostheses in the mitral 
yn. Variations in the extent and turbulence of 
ic mitral regurgitant jets during study may be 















































Valve Position 





T raakthotacic echocardiography and color flow Dop- 
pler have been shown to be of value in evaluating 
gurgitant St. Jude Medical (SJM) prostheses in the 
ortic valve position.! Transesophageal echocardiogra- 
phy and color flow Doppler show promise in evaluating 
ormal functioning and regurgitant SJM mitral valves,?3 
ecently transesophageal imaging has been shown to be 
uperior to the transthoracic approach in demonstrating 
rosthetic valve vegetations.* This report describes our 
nsesophageal ultrasound experience with 18 normal 
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nd exp ed by fluctuations in systo c blood pressure that 
-alter the left ventricular to left atrial pressure gradient. 


sophageal color flow Doppler to differentiate “physiolog- 
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This study demonstrated that it is possible by transe- 








ic” mitral regurgitation from pathologic regurgitation by _ 
the characteristics of the color flow regurgitant jet. All 
our patients with pathologic mitral regurgitation had a 
more extensive crescent- or teardrop-shaped jet, which — 
was eccentric (paravalvular), with color flow reversal and _ 
mosaic pattern encompassing most of the regurgitant jet. 
This study indicates that transesophageal color flow 
Doppler is a highly sensitive indicator of SJM prosthetic. 
regurgitation. Therefore, we recommend this test inevery 
symptomatic patient in whom this entity is suspected, 

even if transthoracic color flow Doppler is normal. <~“ 
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functioning, 2 regurgitant and | infected SJM prostheses __ 
in the aortic valve position. 

Transthoracic and transesophageal echocardiogra- a 
phy and color flow Doppler studies were performed in 21 _ 
patients with SJM prostheses in the aortic position. At 
the time of the transesophageal study, the valves had — 
been in place from 1 day to 37 months (mean 10 — 
months). Of the 21 transesophageal valve studies, 18 
appeared normal and 2 had features of valve regurgita- 
tion and 1 was infected. All 3 abnormal valves resulted — 
from bacterial endocarditis. Valve regurgitation and in- 
fection was substantiated by valve replacement surgery _ 
in 2 patients. The prosthetic valve replacement surgery — 
was performed within 7 days of transesophageal study. 

Transthoracic and transesophageal echocardiogra 
phy and color flow Doppler studies were performed 








sweeper 


FIGURE 1. Transesophageal color flow Doppler of a patient 
with 


moderate paravalvular aortic . Note the ori- 
gin of the jet is eccentric (arrow). Al = aortic insufficiency; 
AV = aortic valve; LA = left atrium; LV = left ventricle. 


within 8 days of each other. The transesophageal ultra- 
sound was performed by previously described tech- 
niques? using a 5-MHz phased-array imaging transduc- 
er (Hewlett-Packard model 21352-A). In 7 patients the 
transesophageal study was performed in the operating 
room, whereas in 14 others the tests were performed on 
awake patients. The color flow gain and reject settings 
were adjusted to just below the level at which back- 
ground noise was seen. 

All valves were evaluated by color flow Doppler for 
the presence or absence of valve regurgitation. The color 
flow Doppler regurgitant jet length, width, duration, lo- 
cation, shape and color characteristics were evaluated by 
playing back the video tape and frame-by-frame analy- 
sis. The aortic valve regurgitation by transthoracic and 
transesophageal color flow Doppler was semiquantitat- 
ed by relating the height/width of the regurgitant jet to 
the left ventricular outflow tract.® 

Transesophageal color flow Doppler in all 18 normal 
functioning SJM prostheses did not demonstrate any 
regurgitation. In only 1 of 18 patients, a single narrow jet 
of aortic regurgitation was demonstrated by transtho- 
racic, but not by transesophageal, study. Echocardio- 
graphic 2-dimensional (2-D) images by both transe- 
sophageal and transthoracic approach revealed multiple 
echoes emanating from the disc. 

In 2 patients with regurgitant SJM prostheses the jet 
was directed toward the left ventricular outflow tract 
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FIGURE 2. Demonstrates a transesophageal 2-dimensional ; 

‘am of a patient with infected St. Jude aortic valve 
(AV). Note vegetations (V) protruding in the left ventricle (LV) 
outflow tract and aortic wall abscess (arrow). LA = left atri- 
um; MV = mitral valve; V = vegetations. 


during diastole (Figure 1). Both transesophageal and 
transthoracic color flow Doppler graded the regurgita- 
tion to be moderate in 1 and severe in another instance. 
The patient with severe SJM aortic valve regurgitation 
also had diastolic protrusion of the valve apparatus into 
the left ventricular outflow tract demonstrable by 2-D 
echocardiography. This patient had bacterial endocardi- 
tis and demonstrated partial dehiscence of the valve at 
its suture ring during surgery. 

One patient with infected SJM prostheses but no re- 
gurgitant murmur had vegetations protruding in the left 
ventricular outflow tract and aortic root abscess (Figure 
2) by transesophageal 2-D study, and mild aortic regur- 
gitation by color flow Doppler. These features were con- 
firmed during surgery. Transthoracic 2-D imaging 
failed to demonstrate the vegetations and aortic root 
abscess but did detect mild aortic regurgitation. 

The results of our studies indicate that there does not 
appear to be any advantage of transesophageal to trans- 
thoracic color flow Doppler in evaluating physiologic or — 
pathologic degree of SJM aortic valve regurgitation. This 
is partly because aortic SJM prosthesis is well suited to 
analysis by transthoracic echocardiography.! The color 
flow jet from aortic regurgitation comes directly at a 
transducer positioned at the apex or is directly below a 
transducer positioned at the left sternal border. Further- 
more, the Doppler sound beam does not have to traverse 
the mechanical prosthesis from this approach. 

Transesophageal 2-D echocardiography, however, - 
was Clearly superior to the transthoracic imaging in diag- 
nosing SJM aortic valve vegetations and aortic root ab- 
scesses. 
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diagnosis of hypertrophic cardiomyopathy (HC) 
based on the demonstration of unexplained left 
ricular hypertrophy and may follow the development 
nptoms or represent an incidental finding during 
e examination from infancy to the grave. The natu- 
characterized by a slow progression of symp- 
igh incidence of sudden death.' In most 
rognostic studies, the majority of patients 
60.24 Though diagnosis and morphologi- 





LV counts 










clinical features and left ventricular 
not been reported.*-° We compared clinical 
elderly patients with those in the young and 
uated the influence of age on indexes of systolic 
astolic function derived from equilibrium radionu- 
angiography in HC. 

One hundred sixty-one consecutive patients with HC 
_ who underwent radionuclide angiography were studied. 
_ They were aged 8 to 78 years (mean 42); 23 were 2.60 
- years, 63 were >40 and <60 and the remaining 75 were 
<40 years; 90 were men and 71 women. The diagnosis of 
IC was based on the echocardiographic demonstration 
-of unexplained left ventricular hypertrophy. All pa- 
-tients had systolic and diastolic blood pressure <140 
and <90 mm Hg, respectively. The pattern of left ven- 
tricular hypertrophy was asymmetric septal in 117 
(73%), concentric in 31 (19%) and distal in 13 (8%) 
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according to echocardiographic criteria described previ- 
A ously. 10 Thirty-five patients (22%) had systolic anterior 
motion of the mitral valve with septal contact. Coronary 
_ angiography was performed when patients 240 years FIGURE 1. Calculation of peak rates of ejection and filing, 
old had exertional chest pain or an abnormal exercise time intervals and relative filling volumes from the radionu- 
test, or both. Eighteen of 23 elderly patients underwent 
-coronary angiography; 2 had significant coronary artery tolic 
a ease. Forty-eight- -hour ambulatory electracardiogra- (edv/s), Time to peak ejection rate (TPER) was defined as 


erformed at initial evaluation in all patients _ interval trom R-wave to the point of peak ejection and time eto 
ceiving ¢ cardioactive medication. Paroxysmal mini : 
















by peak filling rate (RFV4), relative filling volume ias 
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inica! Features in Elderly and 


-Elderly 
{m= 23) 
Na. (%) 


Young 
(n= 75) 
No. (%) 


2149 
2648 
2.0467 


p Value 


6147 
6545 
2142.0 


Age at diagnosis (years) 
Age at the study (years) 
Duration of symptoms 
before diagnosis 
(years) 
Family history 
None 
“HC 
i HC + sudden death 
“Clinical symptoms 
Angina 
None 
“Atypical 
Exertional 
‘Exertional + atypical 
Dyspnea 
i 


20 (87) 
2(9) 
114 


31 (41) 
17 (23) 
27 (36) 





50 (66) 
57) 
14(19) 
6 (8) 


13(57) 
1(4) 
7 (30) 
2(9) 


12 (52) 

Ie 8 (35) 

BEAN 3(13) 

‘Syncope 
None 

: Presyncope 
Syncope 

(<P value for no farnily history versus that of HC and that of HC + sudden death, 


o dyspnea was classified by New York Heart Association functional class. 
= hypertrophic cardiomyopathy; NS = not significant, 


47 (63) 
22 (29) 
6(8) 


20 (87) 
1(4) 
2(9) 


56 (75) 
6(8) 
13 (17) 





d praventricular tachycardia was defined as Z3 consec- 
ive atrial premature complexes at a mean rate of 
20 beats/min and nonsustained ventricular tachycar- 
s defined as 23 consecutive ventricular premature 
complexes at a mean rate of >120 beats/min. 
~All patients were in sinus rhythm at the time of radic- 
nuclide study; patients with moderate-to-severe mitral 
„regurgitation were excluded. The examination was per- 
: formed in 73 while not receiving cardiac medication and 
-at least 5 half-lives after the cessation of B blockers or 
pamil in 53. Thirty-five patients were receiving ami- 
_ odarone at the time of the study; 32 of them were aged 
-<60 years and the remaining 3 were aged 60 or older. 
— Lefi ventricular systolic and diastolic function were 
ssessed by R-wave gated equilibrium radionuclide an- 
ography acquired in list mode.!'-'? All studies were 
performed at rest in the supine position; cuff blood pres- 
sure and heart rate were recorded after 10 to 15 minutes 
st before each study. After labeling of red blood cells 
vivo using 15 mCi of technetium-99m,!' images were 
acquired using a large field-of-view rotating gamma 
era (General Electric Maxi 4007) and a medium 


rior oblique projection with caudal tilt. Data were 
wired from 600 to 900 consecutive cycles and stored 


analysis. An RR interval histogram was construct- 
nd complexes falling outside an operator-selected 
range (+ 10% from the mean RR interval) were rejected. 


PER {edv/s) 
TPER (edv/s) 
PFR(edv/s) 
TPFR (ms) 

RFV: (%) 

RFV2 (%) (n = 84) 
AC (%) (n = 84) 


175433 
3641.0 
192445. 
42412 
7949000 
26414 18410 


| ae = atrial contribution; edv = end-diastolic volume: EF = ejection fraction: 
| not significant; PER = peak ejection rate; PFR = peak filling rate; RFV, i 

| volurne by peak filling rate; RFV; = relative filing volume during the rapid filling 
| TPER = time to peak ejection rate; TPFR = time to peak filling rate... 


TABLE Ill Correlations Between Age and Radionuclide 
Indexes of Systolic and Diastolic Function in 161 Patients witt i 
HC : 


EF 
PER 

TPER 

PFR 

TPFR 

REV: 

RFV2(n = 140) 

AC (n= 140) 
AC/RFV2 (n = 140) 


Abbreviations as in Tables | and ll. 





25 ms/frame by combined forward: and reve 
from the R wave.!? 

A standard count-based method was used. fo cal 
lation of left ventricular ejection fraction.'? At = 
tribution and relative filling volume during the rapid 


filling period were calculated automatically with use of 
the second derivative curve and were successfu 
sured in 140 (87%).!3 The remaining 5 indexes of systol- 
ic and diastolic function were derived as previously de- 
scribed (Figure 1).!213 

Results are expressed as mean + 1 standard devi- 
ation. A Student t test was used to compare the means of 
the continuous variables and contingency tables were 
analyzed using a chi-square test. Correlations between. 


computer program. 

Clinical features in 23 elderly patients with HC aged 
60 years or older are summarized in Table I. The mean 
age was 65 years; 10 were men and 13 women In ee 


from diagnosis and it was done 1 to 1 6y 
later in the remaining. 11. There were I 


jound-corrected composite lefi ventricular time- W 














died suddenly and another died in cardiac failure 
ifter recurrent myocardial infarction. 
The pattern of left ventricular hypertrophy was con- 
centric rather than asymmetric septal in more of the 
İderly (asymmetric septal 52, concentric 35, apical 13% 
e elderly vs asymmetric septal 75, concentric 20, 
al 5% in the young; p = 0.11). Maximal left ventric- 
ular wall thickness was less (20 + 5 vs 23 & 7 mm; p = 
0.07) and left atrial dimension was greater (42 + 9 vs 37 
. 7 mm; p <0.05) in the elderly compared with the 
young. There was no difference between the groups in left 
ntricular end-diastolic dimension (42 + 5 vs 42 + 5 
mm; difference not significant), left ventricular end-sys- 
‘colic dimension (26 +.3 vs 25 + 4 mm; difference not 
ignificant) or the incidence of systolic anterior motion 
mitral valve (incomplete 30, complete 17% in the 
bs incomplete 19, complete 27% in. the young; 
ence not significant). Five of the elderly had calcifi- 
on of the mitral anulus; only 1 of them had systolic 
interior motion of the mitral valve and narrowing of the 
left ventricular outflow tract? 
Paroxysmal supraventricular tachycardia and fre- 
nt ventricular premature complexes (>250 beats/ 
e more common in elderly patients than in the 
(65 vs 24%; p = 0.0007) (26 vs 5%; p <0.005). The 
of nonsustained ventricular tachycardia, how- 
milar in both groups (22 vs 13%; difference 
ificant). 
‘olic indexes were similar in the elderly and the 
g (Table I). Five radionuclide indexes of diastolic 
‘tion were measured: peak filling rate was reduced 
trial contribution was increased as a consequence of 
lecreased relative filling volume during the rapid filling 
eriod in elderly patients while time to peak filling rate 
and relative filling volume by peak filling rate were simi- 
`. lar inthe young and the elderly (Table IT). Twelve elder- 
_ Ly patients who were studied at <1 year from diagnosis 
had higher ejection fraction (82 + 10 vs 75 + 13%; p = 
0.15) and longer time to peak ejection rate (188 + 21 vs 
73 + 22 ms; p = 0.10) compared with those who were 
tudied at =1 year, though there were no differences in 
peak ejection rate and the 5 diastolic indexes. The rela- 
tion of age and radionuclide indexes of systolic and 
„diastolic function assessed in all 161 patients are sum- 
marized in Table III. Age was not related to systolic 
indexes, but there was a weak but significant correlation 
of age and all diastolic indexes except time to peak 
illing rate. 
Cardiac function in HC is characterized by hyperdy- 
namic systolic function and impaired diastolic perfor- 
mance.! This study revealed that clinical symptoms and 
indexes of systolic function were similar in elderly and 
oung Patients with HC, but that the elderly had more 
e impairment of diastolic function. The elderly had 
d delayed early filling with greater dependence on 
mtribution for maintenance of stroke volume. In 
jects, indexes of systo unction do not differ 








































































h vou. ients. (Table D. During follow-up of 38+ in S o i. a 
3 years, 3 elderly patients had disease-related mortali- Doppler measurement of mitral valve E-F slope, 


‘filling fraction /contribution and the maximal flow veloci 
















ty during the rapid filling period are significantly cor 
lated with age (r = —-0.35 to —0.56, 0.69 to 0.82), as are 
radionuclide measurements of peak filling rate (r = 
~0.47 to —0.82).'®!9 The similarity of systolic indexes in 
the young and the elderly, and the relation of age and 
indexes of diastolic function in HC. is consistent: with 
observations in normal subjects.'*"!? In HC the correla- 
tions of indexes of diastolic function with age were weak- 
er than reported in normal subjects. This may relate to 
the variations in morphology and function that are recog- 
nized between patients with HC, We speculate that serial 
data collected prospectively would be more likely to show 
stronger correlation with age and ‘evidence of progressive 
deterioration in diastolic function. 

The elderly also had increased left atrial.dimension | 
and more episodes of paroxysmal supraventricular tachy- 
cardia. The combination of an increased incidence of. 
supraventricular arrhythmia and increased atrial contri- 
bution places elderly patients with HC at particular risk. 
of acute hemodynamic deterioration as well as risk of — 
embolic complications. The detection of nonsustained _ 
ventricular tachycardia during electrocardiographic | 
monitoring is useful in the identification of high-risk 
adults with HC.” The elderly with HC have survived the 
decades of greatest mortality. Electrocardiographic mon- 
itoring, however, should be particularly valuable in th 
subset as identification and treatment of those with s 
praventricular arrhythmia may prevent hemodynamic c or 
embolic complications, or both. 
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Obstruction of Systemic Pulmonary Arterial Shunts by Diagnostic 


Cardiac Catheters 


‘Thomas R. Lloyd, MD, Richard L. Donnerstein, MD, and Farshad Shirazi, MS 


ccurate assessment of pulmonary artery pressure and 
T pulmonary vascular resistance are essential in chil- 
‘dren who may be candidates for Fontan’s operation.':? In 
many such children, pulmonary blood flow is supplied 
primarily or entirely by systemic pulmonary arterial 
hunts. Because such shunts are frequently <5 mm in 
diameter, we proposed that passage of diagnostic cardiac 
catheters across these structures could partially obstruct 
he shunts, resulting in artifactually low measured pul- 
monary artery pressure and calculated pulmonary vascu- 
lar resistance. This hypothesis was tested in an artificial 
culation model and confirmed by clinical observations. 
The artificial circulation model is shown schemati- 
ally in Figure 1. Pressure was generated by a constant 
pressure reservoir, and an electrically activated valve 
_ driven by a square-wave generator produced pulsatile 
flow at 105 cycles/min. Flexible tubing (15 mm in diam- 
eter) was used for the model aorta and pulmonary ar- 
tery. The system was filled with a sucrose solution ad- 
sted to 4 cP relative viscosity. Model pulmonary arte- 

1 flow was provided by interchangeable glass tubes 
ting as systemic pulmonary arterial shunts. The 
“shunts ‘were 6-cm-long with a 5-mm internal diameter, 
_ which abruptly tapered to 2, 2.5, 3 or 4 mm at the distal 
ae (model pulmonary arterial) end. Ports for pressure mea- 
` surement were placed in the model aorta and pulmonary 
artery. A third catheter insertion port was placed in the 
model aorta opposite the proximal end of the shunt for 
hunt catheterization. Screw clamps were placed at the 
nds of the model aorta and pulmonary artery to provide 
ijustable resistances, and effluent from both tubes was 
ollected in a second constant pressure chamber, the 
height of which was chosen as the zero pressure level. 
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For each of the 4 shunt sizes, data. were collect ed 
before shunt catheterization (baseline conditions), G 
ing shunt catheterization with 7Fr, 6Fr, and 5Fr 
purpose catheters (C.R. Bard) and with a 0.035-ine 
guidewire (used to roughly model the 2Fr microman 
meter-tipped catheter used in the clinical observat 
and after termination of shunt catheterization. D 
collected consisted of flow rate and phasic and met 
pressure in both the model pulmonary artery and 
Pressures were measured using micromanometer-t ped 
catheters (Millar Instruments, Houston, Texas) 
corded on a Gilson N-2 recorder. Flow rates wer 
mined by timed effluent collections into gradu e 
ders. Model pulmonary resistance and ratio af pulmo: 
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TABLE ( Catheter Obstruction of Model Semic P Pulmona 


: Mean PA Pressure” 
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Th <0.05-vs. baseline. 
Aldata expressed as percent change from baseline. 


* ‘Apparent RP model pul monary resistance calculated from flows in the baseline state and pulmonary pressure during shunt catheterization. 


PA = model pulmonary artery: QP /QS = ratio of model pulmonary tò aortic flow: RP = model pul monary resistance. 


















hunt catheterization and on termination of shunt cathe- 
ization was used to calculate 95% confidence limits 
‘or measurements in the basal (no catheter within the 
hunt) state; values falling outside these limits were con- 
sidered significantly different. Statistically significant 
hanges of: >20% from baseline were considered clinical- 









: Changes. in model pulmonary artery mean pressure 
d QP/QS are listed in Table I. Statistically significant 
changes occurred with catheterization of all 4 shunts by 
SFr, 6Fr and 7Fr catheters. Except for catheterization of 

: the 4-mm shunt by the 5Fr catheter, all changes in QP/ 
QS were clinically significant, as were most changes in 

| meen pressure. Changes in systolic and diastolic pres- 
the model pulmonary artery were similar to 
mean pressure. Model pulmonary resistance 
t catheterization (calculated using simulta- 
imonary pressure and QP) did not differ 
ne resistance. During diagnostic cardiac 
ion in shunted patients who are potential 
for Fontan’s operation, pulmonary -artery 
ure is commonly determined by catheterization of 
mic pulmonary arterial shunts, and pulmonary 
_ blood flow is determined while the shunt is not catheter- 
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ized. Table I lists the differences between model pulmo 
nary resistance calculated in this fashion (using shun 
catheterization model pulmonary artery pressures and 
baseline model QP) and true model pulmonary resis- 
tance (using baseline model pulmonary artery pressures. 
and QP). Clinically significant underestimation of mod- 
el pulmonary resistance occurred with passage of the 
SFr, 6Fr and 7Fr catheters across the 2-, 2.5- and 3-mm 
shunts. i 
A clinical example in which a systemic pulmonary 
arterial shunt is obstructed by a diagnostic cardiac cath- 
eter is shown in Figure 2. In this 2.5-year-old patient. 
with pulmonary atresia and intact ventricular septum, a 
left Blalock-Taussig shunt was catheterized using a SFr 
multipurpose catheter through which a 2Fr (0.028-inch) 
micromanometer-tipped catheter (Millar Instruments 
was passed into the pulmonary artery. Pressure was Te 
corded from the micromanometer as the multipurpo 
catheter was withdrawn into the aorta. Mean pulmonar. 
artery pressure was 80% higher when the shunt was ne 
obstructed by the 5Fr catheter. Catheter passage acro. 
larger shunts in several other patients has caused small 
er changes in pulmonary artery pressure, but aortic ar 
pulmonary arterial oxygen saturations decreased by Si to 
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rial shunts can be obstructed readily by diagnostic 
ardiac catheters, resulting in underestimation of pulmo- 
-nary artery pressure and pulmonary vascular resistance 
_ (Table 1). Similar obstruction of severely stenotic aortic 
valves by diagnostic cardiac catheters has been reported 
_ in adults.’ In the past, there has been no reliable way to 
confirm true pulmonary arterial pressure in patients de- 
pendent upon systemic pulmonary arterial shunts for pul- 
monary blood flow. The 2Fr micromanometer-tipped 

- ¿catheter potentially solves this problem, because the 
-< slightly larger 0.035-inch guidewire did not significantly 


ations indicate that systemic pulmonary -fo 


- catheter obstruction of a systemic pulmonary arter 1 ’ 
: shunt, pülmongry artery y banding site or similar structure. a 


yp 
racy is of ainal importance ; and 
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: Beta Adrenoceptors and m-Cholinoceptors in Myocardium of Hearts _ 
with Coronary Artery Disease or Idiopathic Dilated oT 


- Removed at Cardiac Transplantation 
Michael Bohm, mD, Martin Ungerer, MS, and Erland Erdmann, MD 





yocardial force of contraction is regulated by recep- 
WE tors of the autonomic nervous system that are cou- 
led either in a stimulatory or inhibitory way to the aden- 
late cyclase.' In the myocardium of patients with heart 
ailure, there is a down-regulation of cardiac 6 adreno- 
ceptors” with a reduction of the positive inotropic effects 
of B-adrenoceptor agonists and phosphodiesterase inhibi- 
tors.? However, little is known about inhibitory receptors 
such as muscarinic M>-receptors, which couple to the 
~ inhibitory-guanine-nucleotide binding protein G; and re- 
< duce force of contraction in the presence of 6-adrenocep- 
tor stimulation.* Since G; has been reported to be in- 
= creased in the failing human myocardium,°* it is not 
"unreasonable that these receptors could be coregulated 
with Gi: This would result in increased effects mediated 
by inhibitory M>-receptor, which would contribute to the 
reduced: response to cyclic adenosine monophosphate 
(cAMP)-dependent positive inotropic agents. Therefore, 
the number of myocardial 8 adrenoceptors and m-cholin- 
oceptors were studied with radioligand binding tech- 
‘niques in explanted human hearts from patients undergo- 
ing cardiac transplantation because of severe heart fail- 
“ure (dilated cardiomyopathy, coronary heart disease) and 
` in nonfailing donor hearts that could not be transplanted 
for technical reasons. The density and antagonist affinity 
of both @ adrenoceptors and m-cholinoceptors were stud- 
ed in the very same hearts and were correlated to the 
jodynamic data obtained from patients before the 
operations. 
-The experiments were performed in 21 explanted 
hearts, which were obtained during cardiac transplanta- 
on. de patients had dilated scart haa waa (mean 
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age 44 years, range 21 to 56) and 8 patients were trans- 
planted for severe coronary heart disease (mean age 46. 
years, range 23 to 59). Five hearts from patients without 
echocardiographic evidence of heart failure were also 
studied (mean age 25 years, range 22 to 31). These 
hearts could not be transplanted for technical reasons. 
Tissue procurement was the same in all groups. He 
were immediately delivered to the laboratory in ice-cc 
cardioplegic solution, frozen in liquid nitrogen and 
stored at ~80°C. Freezing, storage and thawing proce- 
dures did not alter the results. From each heart, isolated 
electrically driven papillary muscles were prepared and: 
force of contraction was measured. Developed basal ten- 
sion and the increase in force of contraction after an 
elevation of the extracellular calcium ion concentration 
was similar in all groups (not shown) indicating that 
viable heart muscle was studied in all conditions. : 
Myocardial B adrenoceptors and muscarinic. M>-re-. 
ceptors were studied using the antagonist radiolabeled 
ligand 7H-CGP 12.177 CH (—)-4-(3-t-butylamino-2- 
hydroxy-propoxy)-(5,7—3H)-benzimida zol-2-one, 0.05 
to 8 nmol/liter) and 7H-QNB (}H-quinuclidinylbenci- 
late-(R)-benzilic-4,4-7H(N), 0.05 to 3 nmol/liter), re- 
spectively. Cardiac glycoside receptors were studied with 
4H-ouabain according to Erdmann and Schoner.’ Densi- 
ty (Bmax) and antagonist affinity (kp) were studied inthe 
very same heart. Nonspecific binding was determined. 
with 3 pmol/liter (—)propranolol for B adrenoceptors : 
and 1 wmol/liter atropine for m-cholinoceptors, respec- 
tively. Density of muscarinic M>-receptors and B adreno- 
ceptors was related to mg membrane protein and to the 
number of ?H-ouabain binding sites. There was no dif- 
ference between binding of *H-ouabain to myocardial 
membranes in failing and nonfailing myocardium, indi- ` 





i cating that the yield of myocardial membranes was simi- 
„dar in each group: Experimentul details f adio he 
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/meor: fmol/pmol nmol/liter. fmol/mepr  fmoal/pmol -nmol/liter 











7 Ç +0.48. +3.00 i (0.39-0.83) +22 
patients with: Tonfalling m nen were not performed. 
receptor density in ing ‘oteiri (imol/me prob or fmol / pmol *H-ouabain bound (fmol / pmol); CAD = coronary artery i 


C Ama 7% 
7): DC = dilated cardiom: yopathy; Diag osis; EF = ejection fraction (%); Kp = equilibrium dissociation constant as a measure of antagon 
left ventricular end-diastolic’ Arees Gan Hg); VERY = = iho ventricular end-diastolic volume (mi); m-CH = m-cholinoceptors; NF = nonfaling; EM 


stimulated adenylate cyclase activity*ć and an increase 
Gi,5° while the stimulatory guanine-nucleotide bindir 
protein (G,) appeared to be unchanged.*.” However, dat: 
on inhibitory, G;-coupled M>-receptors in human heart 
failure are lacking. An increase of muscarinic M>-recey 
n tors could contribute to the reduced response to cAMP- 
to Figure 1. Hemodynamic data and receptor dependent positive inotropic agents,” whereas a de- 
ies of patients are listed in Table I. crease would result in unopposed 6-adrenergic stimula- | 
en tion of the failing myocardium. In dogs, a decline of © 


overload-induced heart failure due to aortic stenosis." 
contrast, the data of our study show that an increase or 
decrease of muscarinic M>-receptors was not observed in 
the very same human failing hearts in which a signifi 
decline (by 56%) of 8 adrennorpiors was measured. Thes 
tin the 


o correlation between the number of musca- 
a and the er in heart failure score in tribute to the blunted response to cAMP-increasi 
re inotropic agents. The divergent findings obta r 
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r=-0.78, p<0.05 
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FIGURE 1. Correlation of the number : 
(Bmax) of 8 adrenoceptors (A) and the num- 
ber of muscarinic M2 receptors (B) to the. 
heart failure score. Patients were classi- 
fied according to a scoring system of 


dynamic data: (4) left ventricular end-dia 
stolic pressure, which scored 0 p if <2 
mm Hg, 1 pif 13 to 19 mm Hg, 2 p if 20 
to 24mm Hg and 3 p if >25 mm Hg; (2) 
15 left ventricular san, prio whieh 
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thys as results can be entirely different. The increase of G; 
hat has been observed in failing human hearts** might 
directly (independent of the M>-receptor) attenuate 
adenylate cyclase activity, thereby impairing the func- 
tional response to cAMP-increasing positive inotropic 
agents? 
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invasive stroke volume determination by Doppler ous surgical repair of congenital cardiac defects. Geo- 
ocardiography has traditionally required estima- metric and nongeomėtric stroke volumes are listed ù 
h of mean flow rate during ejection by Doppler Table I. Geometric stroke volume ranged from 2.3 to 6. 
and of flow area by cross-sectional or M-mode ml (median 8. 7), and was significantly smaller (p 
oca: diography. ! Spodick and Koito? recently reported <0.0001, repeated measures analysis of variance) than 
thod for estimating stroke volume from Doppler nongeometric stroke volume (range 27 to 105 ml, medi 
hocardiographic tracings alone, which they term non- 66). The nongeometric method overestimated geometric 
metric because no area measurement is used. Instead, stroke volume by 66 to 1,521%, or by 25 to 80 ml abs 
n left ventricular ejection rate is estimated from lute volume. Geometric stroke volume showed much bet- 
Doppler velocity and is then multiplied by Doppler - ter correlation with age (r? = 0.908) and with aortic 
on time to yield stroke volume. We reasoned that if cross-sectional area (r? = 0.943) than with nongeometric 
j stroke volume (r?° = 0.538). Nongeometric stroke vol- 
ume correlated poorly with age (r? = 0.376)... 
geometric method should also eiaei estimate Nongeometric Doppler. stroke volume substantially 
ke volume in infants and children, who have a wide overestimated Doppler stroke volume calculated by tradi 
range of aortic size. tional geometric methods. We used geometric Doppl 
Doppler echocardiographic studies from 20 consecu- stroke volume as the standard in our study rather than 
tients meeting the criteria below were examined. thermodilution as used by Spodick and Koito? because i 
clusion were recordings of pulsed Doppler our laboratory Doppler methods have agreed closely wi 
aortic anulus from the apical window and the Fick method! and because thermodilution tends t 
he aortic valve in the parasternal long- inaccurate at flow rates as low as seen in infant 
le for measurement of aortic anulus di- _ children.' This study used the same values for Vmeai 
usion criteria were patient age 221 years, ejection time to calculate stroke volume by both meth 
lar outflow tract obstruction, abnormally so influence of Doppler incidence angle would appl 
tic diameter or congestive heart failure. Aortic equally to both methods. 
diameter was measured according to Roman et Examination of the theoretical basis of the nong 
aortic cross-sectional area (cm°) was calculated metric method readily explains the observed discrepanc 
ting a circular profile. Mean Doppler velocity dur- _ in stroke volumes. The nongeometric method is based « 
ejection (Vmean, in m/s) was measured by the meth- 
od of Donnerstein and Marx‘ in 5 Doppler tracings from = 
_ each patient, and Doppler ejection time(s) was measured | TABLE I Geometric and Nongeometric Stroke Volumes in 
-by the method of Koito and Spodick> in the same trac- | 20 Infants and Children oS 
__ ings. Geometric stroke volume was calculated as the Age 
product of aortic cross-sectional area, ejection time and 
‘mean (converting Vmean to cm/s), and nongeometric 
roke volume was calculated according to Spodick and 
| Koito. ? Mean values for geometric and nongeometric 
stroke volume were calculated for each patient. 

_ Patient age ranged from birth to 103/12 years (median 
} months; 13 patients were <1 year old). Six of the 
nfants were premature and 4 weighed <2 kg at the time 
of echocardiography. Aortic cross-sectional area ranged 
0.24 t0 2.54 cm’, Echocardiographic diagnoses in- 
ded small ventricular septal defect in 3, atrial septal 
- defect or patent foramen ovale in 3, patent ductus arte- 
__riosus in 2, pulmonary artery branch stenosis in 3, pul- 
_ monary stenosis in 1, pulmonary heart disease in 2 and 
normal hearts in 8 patients, including 2 who had previ- 
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product of ejection ‘time, aortic cross-sectional area 
(CSA), and 100- Vmean (Vmean is multiplied by 100 to 
convert m/s tocm/s). Therefore, by the geometric meth- 
od, ejection rate can be expressed as in equation 2: LVER 
= 100 - Vmean - CSA. Equations 1 and 2 can be com- 
bined and rearranged to solve for aortic cross-sectional 
area, producing equation 3: CSA = 4.94 — 0.66/Vmean. 
Obviously, this equation cannot correctly predict stroke 
olume if aortic cross-sectional area is more than 4.94 
cm? (aortic valve diameter >2.5 cm). Over the range of 
mean reported in the studies describing and validating 
the nongeometric relation between LVER and Vmean, 
ortic diameter would vary from 1.84 to 2.34 cm, values 
ell outside normal limits for the first decade of life.’ 
Conversely, for the nongeometric method to predict accu- 
tely the CSA of a normal newborn, Vmean would have 
to be 0.14 m/s, a markedly low value. 
<: We eonclude that the nongeometric Doppler stroke 
volume determination method of Spodick and Koito? 
annot be extended to infants and children. Indeed, our 
data indicate that a child’s age or aortic diameter—with- 
out any Doppler information—is much more predictive 
troke volume than is the nongeometric method. We 


range, using measured or assumed aortic 
substantially alter accuracy of Doppler s 
but for patients who fall outside the rang 

method or measured aortic size must W us 


of greatest ee 
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Qu: ntification of Tricuspid Regurgitation by Doppler Color Flow 
lapping After Cardiac Transplantation 
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and Paul R. Lichtlen, MD 


olor-coded Doppler echocardiography permits visual- 
ization of the spatial distribution of flow velocities 
produced by valvular regurgitation with a high sensitiv- 
y: Doppler color flow mapping has been used for simple 
oninvasive assessment of the magnitude of aortic and 
ral regurgitation, and a reasonable agreement be- 
‘tween the angiographically estimated grade of aortic or 
mitral regurgitation and Doppler color flow variables has 
been reported.'? Doppler color flow mapping is a sensi- 
and specific technique in detecting tricuspid regurgi- 
-tation.* However, little is known about the assessment of 
t ‘magnitude of tricuspid regurgitation by color Doppler 
low imaging, probably because a reliable reference stan- 
dard for the assessment of tricuspid regurgitation is lack- 
ge. Therefore, we compared various measurements 
rom the color Doppler flow imaging with the 

spid regurgitant fraction obtained by a double ther- 
nodilution technique. The study group consisted of cardi- 
transplant patients who are known to have a high 
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incidence of tricuspid regurgitation without any y othe 
valve abnormalities.>° 

The study includes 40 patients (30 men, I 0: women 
mean age + standard error 45 + 2 years) who had 
undergone orthotopic cardiac transplantation for end 
stage ischemic cardiomyopathy (n = 20), idiopathic di 
lated cardiomyopathy (n = 19) and idiopathic restrict 
cardiomyopathy (n = 1). All patients underwent routin 
diagnostic cardiac catheterization 13 + 2 months aft 
cardiac transplantation including right-sided he 
opsies. Within 24 hours before or after cardiac cathe 
ization, the patients were examined by Doppler echo 
diography. At the time of cardiac catheterization, n 
of these patients had severe heart rejection as judged 
biapsy specimen. 

In addition to routine right and left hear 





: aaa n Equation 


in right atrial pressure (mRAP) 
ight atrial v wave (RAv) 
ystol fight ventricular pressure (RV) 
lea pulmonary artery pressure (mPAP) 


(TRF%) = 1.2 (MRAP) + 5.6 
CTRF%)-= 1.3 (RAv) + 0.02 
(TRF%) = -0.9 (RV) + 12.3 
(TRE%) = -0.3 (MPAP) + 0.57 





ssures obtained by right-sided cardiac catheterization are given iv mm Hg: regression analysis using only patientswith TRF 25% showed similar significant results, 


The 
SEM = standard ‘error of the mean; TRF = tricuspid regurgitant fraction (%). 








neath the tricuspid valve. The regurgitant fraction 
alculated as the area ratio of dilution curves ob- 
ined simultaneously in the right atrium and pulmo- 
wy artery (Figure 1, bottom). At least 3 to 5 different 
neasurements were averaged. For each measurement, 
th osition of the tip of the thermodilution catheter in 


S. The regurgitant jet was visualized by color 
systole during inspiration hold. Different 
ns and angulations were repeated until maxi- 
nages could be achieved, Care was taken to 











use an optimal gain setting without appearance of sig- 
nals outside the regurgitant flow or onto tissue (Figur 
2). Each examination was performed using shallowes 
depth and narrowest sector angle in order to obtain max- 
imal frame rate. From color Doppler flow images, maxi 
mal length and maximal area of the tricuspid signa: 
were derived. The right atrial area was traced and th 
ratio maximal jet area to right atrium area was calcu- 
lated. In 6 of 40 patients in whom the entire border of the 
right atrium could not be visualized, the missing regions 
were approximated by visual interpretation. 

The TRF varied between 2 and 76% (<5% n = 14; 
to 30% n = 12; >30% n = 14). The correlation between 
the regurgitant fraction and the hemodynamic variables 
obtained during right-sided cardiac catheterization are 
listed in Table I. 

Table II summarizes the correlation of the TRF it 
the measurements derived from the color Doppler 
imaging. The highest correlation coefficient was ob 
tained with the ratio maximal area of the tricuspi 
gurgitant signal to right atrium area (Figure 3). Al 
Doppler-derived variables showed a weak but signific 
correlation with the right atrial v wave (maximal 
length: r = 0.61; maximal jet area: r = 0.65; ratio Jet 
area to right atrial area: r = 0.69). 

This study shows that Doppler color flow mapio , 
the tricuspid regurgitant signal seems to be useful in 
estimating the magnitude of regurgitation as determin 
by a double thermodilution technique. Both the maxima 
length and the maximal area of the tricuspid regurgitant 


VELAYi ZUS NG 


° 
® A i a 
Nd, APAPA Miyana Pin naunan Aa 


FIGURE 2. Color Doppler echocardiography in a patient w 
successful 
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leasureme s Derived from Color ooa er Flow imaging 


Linear Regression 
“Equation r 


0.79 12.9 0.0001 


Correlation ot 
TRF with 


Maximal jet length (È cm) (TRF%) = 6.9 (L) 
-25 

(TRF%) = 2.6 (A) 
+3.2 


SEM p 


Maximal jetarea 0.84 11.0 0.0001 
cm) 
Ratio jet to.right (TRF%) = 1.3(A/RA) 0.89 9.5 0.0001 
atrium area {A JRA) ~0.5 

x Regression analysis using only patients with TRF 25% showed similar significant 


‘results: 
i SEM = standard error of the mean; TRF = tricuspid regurgitant fraction (%). 





signal correlated with the regurgitant fraction, and the 
best correlation was found when the maximal jet area was 
related to right atrial area. Our results support the find- 
ings of Chopra et al,* who recently used Doppler color 
flow mapping to identify patients with severe tricuspid 
gurgitation as judged intraoperatively. They found that 
a ratio of maximal area of the tricuspid regurgitant signal 
to right atrial area 234% identifies patients with a high 
< sensitivity who would require subsequent tricuspid valve 
; repair: With use of our linear regression equation (Table 
1), this ratio of 34% represents a TRF of about 44%, 
which indeed corresponds to clinically significant tricus- 
pid regurgitation. 
_ Although we found a highly significant correlation 
between TRF and color Doppler-derived parameters, the 
plexity that actually determines the color-coded re- 
gitant signal should be kept in mind. Numerous stud- 
howed that the spatial distribution of the regurgitant 
flow as assessed by color Doppler flow imaging is crucial- 
y dependent on flow velocities and therefore on regurgi- 
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(e.g., >1 tricuspid regurgitant jet, different ashe ventri 
ular pressures, different size of right atrial chamber 
Thus, these various factors that potentially influence 
cuspid regurgitant signals like the signal of any oth 
regurgitant lesion may limit the clinical applica 

this technique in calculating TRF, and the presented 
regression equations may vary between laboratories. 
However, despite all these technical considerations, 
close correlation between Doppler color flow mapping _ 
and double thermodilution technique was possible in p 
tients with tricuspid regurgitation. Because an increa 
incidence and severity of tricuspid regurgitation has been 
reported in patients after cardiac transplantation,® Dopp- 
ler color flow mapping might be a useful method for 
follow-up examinations in these patients, 
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ratory has previously reported the myocardial 

c adenosine monophosphate (AMP) content in 

al humans and patients with cardiomyopathy.! 
neentric left ventricular hypertrophy and hemody- 
amic abnormalities suggestive of diastolic dysfunction 
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inical Features of Patient Groups 


have been observed in the transplanted heart.’ The etio 
ogy of the diastolic dysfunction is unknown. Cyclic AMP 
content may increase in response to depletion of myoca 
dial energy stores and may serve as a stimulus for protein 
synthesis and ventricular hypertrophy. Cyclosporine, a 
commonly used immunosuppressive agent, has been 
shown to have an affinity for the calcium regulato 


adenylate cyclase, thereby potentially: iöreasine : 
AMP, and, in addition, can stimulate phosphodies 
hence theoretically decreasing cyclic AMP a 


Blood Pressure 


Patients 
Systolic 
Men/Women (mm Hg) 


Age (yrs) 


Transpl ant 


7 Bata are mean + standard deviation, 


PAW or cet tee 
LVEDP (mm Hg)... LVEF 


Diastolic 


(mm Hg) RA (mm Hg) 


BP = blood pressure; DCM = dilated cardiomyopathy; LVEF = left ventricular ejection fraction; PAW/LVEDP = pulmonary artery wedge or left ventricular endidiastolit pressure 


jean: right atrial pressure. 





cAMP pmol/mg protein 


TRANSPLANT 


*p= 001 vs normal 


xžp=N5 vs normal. 
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-of time from transplantati 


clic AMP content. 





T he study population comprised 13 cardiac trans- 
: plant recipients receiving immunosuppression consisting 
_of cyclosporine, azathioprine and prednisone. These pa- 
tients were compared with 4 normal subjects and 10 
patients with dilated cardiomyopathy previously report- 
ed! The 4 “normal” patients had chest pain and angio- 
graphically normal coronary arteries. The patient 
groups and their clinical features are listed in Table I. 
1 13 cardiac transplant recipients showed no evidence 
of allograft rejection in endomyocardial biopsies per- 
formed at the time parallel samples for cyclic AMP 
measurement were obtained. Ejection fractions were ob- 
ained by contrast angiographic assessment or radionu- 
de. angiography. Hemodynamic measurements were 
obtained at the time the endomyocardial biopsy was 
performed. The length of time from transplantation un- 
til acquisition of the biopsy sample ranged from 34 to 
651 days (mean 340 + 241). 
_ > Using sterile technique, the right internal jugular vein 
was cannulated and 2 endomyocardial specimens were 
_ obtained using a 54 cm, 2.4 mm cup size Cordis biop- 
tome. Right ventricular endomyocardial biopsies were 
placed in liquid nitrogen within 10 seconds. Cyclic AMP 
was analyzed by radioimmunoassay and the protein was 
determined by the Lowry method as previously de- 
cribed. p The groups were compared by 1 -factor analysis 
of variance. The study was approved by the Institutional 
Review Board for Human Subjects and each patient 
ave informed written consent. 
-In Figure 1, the mean + standard deviation myocar- 
dial cyclic AMP content for each group is shown. There 
s a significant elevation in myocardial cyclic AMP con- 
ent (8.3 pmol/mg protein) in cardiac transplant recipi- 
ents compared with that of normal subjects (3.1 pmol/ 
mg) and the cardiomyopathy group (3.4 pmol/mg). No 
rrelation was shown between cyclic AMP and either 
reload (pulmonary artery wedge pressure or left ven- 








































The results show that the myocar i 
content ia cyclosporine immunosuppressed cardiac trans 
plant recipients is elevated. compared with normal s 
jects. These levels are also quite elevated compared 
measurements we have previously reported in other ¢ 
ease states including hypertrophic cardiomyopath 
cause and effect determination is not evident, bu 
observation provides further insight into. potential bi 
chemical and physiologic alterations that may account _ 
for functional abnormalities observed in the transplanted 
human heart. Chronic denervation of the heart leads to 
depletion of myocardial noradrenaline and changes in- 
metabolism that include an increase in myocardial OX) 
gen consumption.” Yellon had shown in isolated 
hearts that increases in myocardial cyclic AMP may | 
related to the extent and rate of contractile failure. Fur- 
ther evaluation and characterization of myocardial 6-1 
and 8-2 receptor density / activity and adenylate cyclase 
activity and the complex interaction among cyclosporine, 
calmodulin and phosphodiesterase activity will be 
quired. Regardless of the mechanism, the presence i 
elevated myocardial cyclic AMP suggests an underlying: 
abnormality exists that may explain the pathogenesis of 
left. ventricular hypertrophy and dysfunction that oceur 
after cardiac transplantation. 
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orade de pointes is a polymorphic ventricular tachy- 
rdia (VT) that occurs in the setting of acquired or 
opathic QT-interval prolongation and may be facilitat- 
iutritional deficiency! and electrolyte abnormali- 
our reports have associated the occurrence-of this 
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‘Ventricular Tachycardia and Torsades de Pointes Complicating | 
Pentamidine Therapy of Pneumocystis Carinii Pneumonia in the | 
Acquired Immunodeficiency Syndrome 
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; ` OTe intervals immediately before admir 


















arrhythmia i in patients with the acquired — 
ciency syndrome and Pneumocystis carinii pneum 
with QT-interval prolongation related to the use of pen- 
tamidine isethionate.>-° We have recently seen 4 patients _ 
who. developed. torsades de pointes or monomorphic v 
during the course of pentamidine treatment for P. cai 
pneumonia and a description of them. follows, 

The patients’ clinical features, hec 





atment she developed sustained pions 
h responded to thump cardioversion followed 
infusion and electrolyte repletion. The sec- 
developed polymorphic VT on the fourteenth 
f pentamidine treatment that responded to direct- 
nt shock, lidocaine infusion and electrolyte reple- 
ird patient developed polymorphic VT on the 
f pentamidine therapy, which eventually re- 
idocaine infusion and multiple direct-cur- 
ershocks. The fourth patient developed fre- 
ultifocal ventricular ectopic activity followed by 
sustained VT on the twelfth day of pentam- 
. Magnesium was administered and pen- 
s discontinued. The patient’s ectopy dimin- 
his OTe interval slowly returned to baseline. 
ine was restarted on the eighteenth hospital 
) 1 5 days the patient's QTc had again in- 

ed to 520 ms. 
None of the 4 patients were receiving digoxin, diu- 
or antiarrhythmic drugs before the arrhythmic 
nd nohe had any previous history of cardiac ar- 
All had tolerated intravenous pentamidine 
g previous episodes of P. carinii pneumo- 
had been receiving aerosolized pentamidine 
talization. All patients were cachectic and 
portant electrolyte abnormalities (hypomag- 
hypokalemia, or both) at the time of the 


ypomagnesemia and hypokalemia may each predis- 

the development of torsades de pointes.’ Although 

or hypomagnesemia have been found in oth- 

torsades during pentamidine treatment of P. 

pneumonia,“ the arrhythmia has also been re- 

ed during pentamidine treatment when these electro- 

lyte were normal.5® Pentamidine itself may have in- 

spendent adverse cardiac electrophysiologic effects. 

rton et al? observed that pentamidine is structurally 

procainamide and might lead to QTc prolonga- 

me patients. A recent preliminary report has 

ed that pentamidine-related QT prolongation oc- 

only a small proportion of patients, but the combi- 

of drug effect and electrolyte abnormalities may 

tiate the electrophysiologic actions of either factor 
lone. 

 pentamidine therapy a patient’s nutritional 

uld be optimized. Potassium and magnesium 


VT Episode 


Baseline 
QTc 
(ms) 


QTc 
(ms) 


(mmol/liter). 
Event 


K* = potassium ion; Mg** = magnesium ion; NSVT = nonsustained ventri 





tachycardia: TDP = torsades de pointes; VT = ventricular tachycardia, . 


placed. Patients receiving intravenous pentamidin 
should be monitored regularly by electrocardiograp! 
with careful attention to the QTc interval. Appr 

tissue levels of pentamidine may be present months afi 
discontinuation of the drug’ and a case of torsa 
pointes has been reported in association with trimetho- 
prim-sulfamethoxazole, the other first-line drug for th 
treatment of P. carinii pneumonia. Patients who develo 
polymorphic or monomorphic VT during pentan 
treatment of P. carinii pneumonia may benefit from 
lus magnesium sulfate injection? and, if the arrhytl 
persists, rapid overdrive pacing or isoproterenol infusion 
The role of type Ib agents is unresolved but all of « 
patients had favorable responses to lidocaine. 
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ane in which the heart is 
ly or totally outside the tho- 
horacic and thoracoab- 

rms of ectopia cordis have 
red to constitute togeth- 

38 of 142) of the cases.’ 

cal form, found in 4 out of 
as. been described only in 
fetuses.? Complete: ab- 

opia cordis was thought 

be represented only by 

amp’s case that was reported 
by Cullerier.? However, 
-or not complete abdominal 
cordis really exists and, if so, 


_ how it should be defined, remain un- 


We present a unique case of 

lis that superficially re- 

mplete abdominal ectopia 

ent has the following 

described cardiac 

lated atresia of the sub- 
nfundibulum with an in- 

ila septum and a well- 

datent pulmonary valve. 

g white male infant was 

weeks gestation to a 24- 

i avida 1, para 0 woman. 
weeks gestation, a fetal ultra- 

rudy was performed for eval- 

ation of polyhydramnios. A large 
ventral abdominal wall defect was 
shown with herniation of the heart 
d the abdominal viscera into the 
cavity. Two weeks later, 

t was born by vaginal de- 

r- premature onset of uter- 


urs afier birth. 
utopsy, there was a large 
iramedian. gastroschisis ex- 
rom the right paraumbili- 
j inferiorly to immediately 


igure 1). T he liver, stomach, 
1, small bowel, large bowel and 


sroschisis with no remnant of perito- 
neal covering. The heart herniated 
through the cephalic portion of the 
gastroschisis (Figure 1). The ster- 
num was intact except for absence of 
the xiphoid process. The pleural 
cavities were totally separated from 
the mediastinum by the confluence 
of the muscular components of the 
diaphragm laterally and the superi- 
or portion of the parietal pericardi- 
um medially (Figure 2). The central 
fibrous portion of the diaphragm 
was absent. The superior parietal 
pericardium arched up to the peri- 
cardial reflections of the great arter- 
ies and the superior vena cava. The 
pleural cavities were isolated from 
the mediastinal and the abdominal 
cavities by the superior parietal peri- 
cardium. The superior vena cava, 
main pulmonary artery, aorta and 
pulmonary veins passed through the 


fusions were present. The ape. 
naked heart was cephalically orient 
ed (Figure 1). The segmental orga- 
nization of the heart. was norma. 
iS DS} with normal alignments and 
connections. The subpulmonary i 
fundibulum was atretic immediat 
below the pulmonary valve (Figur 
2) with the ventricular septum bei 
intact. The pulmonary valve anuli 
was hypoplastic but all 3 commis- 
sures were present and the valve was 
patent (Figure 2). The right ventri 
cle was small-chambered and thick: 
walled with severe endocardial fi 
broelastosis. Additional findings in 
cluded a patent foramen ovale, 
ent ductus arteriosus and bilatera 
atresia of the renal arteries. Chro 
mosomal analysis was normal, > 
Did our case and Deschamp’ 
case really have complete abdomina 
ectopia cordis? We think that the an 
swer is no. In our case, the cent 
tendon of the diaphragm, which 


FIGURE i Thoracosbdominal ectopla cordis and gastroschisle, The cardiac apes 
- points cephalically toward the left shoulder. LA = left atrium; LV = Si veriri 
RAA ~- irh atrial appendage: RV = aM vonie: 








FIGURE 2. Frontal and inferior view of the heart and the thoracoabdominal communication. The thoracic and abdominal cavities 
are separated by the muscular diaphragm laterally (Diaph), which is confiuent with the superior parietal pericardium, medially 
(Peric). The right ventricle is thick-walled and small-chambered with severe endocardial fibroelastosis. Note atresia of the sub- 
pulmonary infundibulum (Inf). Upper right corner, opened main pulmonary artery showing patent pulmonary valve (PV). Ao = 
aorta; CW = chest wall; SVC = superior vena cava; other abbreviations as in Figure 1. 


derived from the septum transver- 
sum of the embryo,* was totally ab- 
sent. Hence, a huge diaphragmatic 
defect was present. The confluence of 
the muscular leaves of the dia- 
phragm laterally with the parietal 
pericardium medially, initially pro- 
duced the erroneous impression that 
the diaphragm was intact. In fact, 
our case is an extreme form of the 
Cantrell syndrome> with free com- 
munication between the mediasti- 
num and the abdominal cavity, that 
is, thoracoabdominal ectopia cordis. 
Our case is different from the classic 
Cantrell syndrome because the ster- 
num was only minimally involved 
with absence of the xiphoid process. 
Gastroschisis is another unique fea- 
ture of our case. Most previously re- 


ported cases of thoracoabdominal ec- 
topia cordis have had either a ventral 
hernia or an omphalocele.* 
Deschamp’s case! was a previous- 
ly healthy French soldier who died of 
pyelonephritis. At autopsy, the left 
kidney was absent and in its place 
was the heart within its pericardial 
sac. Although we previously consid- 
ered this case to be the only docu- 
mented example of complete abdom- 
inal ectopia cordis,' after careful re- 
valuation it became apparent that 
this was a case of inferior diaphrag- 
matic eventration. The diaphragm 
was intact and markedly displaced 
inferiorly and the heart communicat- 
ed only with the thoracic cavity. 
Hence, to the best of our knowledge, 
a genuine case of complete abdomi- 
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nal ectopia cordis has not been docu- 
mented in which the heart is posi- 
tioned below an intact diaphragm 
and is separated completely from the 
thoracic cavity. We strongly suspect 
that the abdominal form of ectopia 
cordis, defined strictly (as above), 
does not exist. We therefore propose 
that the abdominal form be deleted 
from the classification of ectopia cor- 
dis.! 

The most common forms of con- 
genital heart disease associated with 
ectopia cordis are tetralogy of Fallot 
and ventricular septal defect.! Rare- 
ly, ectopia cordis can occur with a 
structurally normal heart. Isolated 
atresia of the subpulmonary infun- 
dibulum with a patent and structur- 
ally normal pulmonary valve is docu- 


3 days of gestation, the de- 
heart descends from the 


imation.' Normally, at about 
days of gestation, the em- 

rts to straighten out and the 

its into the developing chest. 
emilunar valves and the truncal 
m complete their development 
‘Streeter’s horizon XVII, that 
ere of gestation. Ap- 


results in the formation of 


“an intact thoracic and abdominal — 


ventral wallt The aforementioned 
embryologic observations suggest the 
hypothesis that failure of abdominal 
wall fusion, associated with a defect 
‘in or absence of septum transversum, 
may allow herniation of the heart 
into the amniotic cavity through 
these defects. Extrinsic compression 
of the ectopic and “unprotect 
heart may result in the unique anom- 
aly displayed by our patient, isolated 
infundibular atresia. 

Another form of mechanical tera- 
togenesis by amniotic band(s) was 
described by Kaplan et al.° Because 
there was no evidence of amniotic sac 
rupture with amniotic band forma- 
tion in our case, absence of the sep- 
tum transversum component of the 
diaphragm and failure of fusion of 


‘Sarcoma of the Heart Causing 


tenosis 


. Domanski, MD, Thomas F. Delaney, MD, David E. Kleiner, 
ary Goswitz, MD, Arthur Agatston, MD, Eben Tucker, MD, 


lohnson, MD, and William C. 


sarcomas are rare and mi- 

tenosis caused by this neo- 

in the left atrium is even rarer. 

uch was the case, however, in the 
tient to be described herein. 

46-year-old woman (CC. no. 

72-58-1) who died on January 7, 

had been well until April 1989, 

e had an episode of dizziness 

and right eye blindness that resolved 

spontaneously. In June 1989, she 

ad a transient episode of right 

arm numbness and right eye 

dness sthat resolved spontaneous- 


e Cardiology and Pathology 

f es, National Heart, Lung, and Blood 
institute, th Radiation-Oncology Branch and 
tory of Pathology, National Cancer In- 
‘Bethesda, Maryland; the Division of 
Georgetown University Hospital, 

Cy the Division of ay, 


Roberts, MD 


ly. In September 1989, she devel- 
oped orthopnea, dyspnea with walk- 
ing, syncope and easy fatigability. In 
October 1989, examination by a car- 
diologist disċlosed a loud first heart 
sound, a grade 1/6 systolic ejection 
murmur at the left sternal border 
and apex that radiated into the axil- 
la and a grade 2/6 systolic murmur 
at the right sternal border that in- 
creased with inspiration. Chest ra- 
diograph suggested a dilated left 
atrium and was consistent with con- 
gestive heart failure. An echocardio- 
gram disclosed severe mitral ste- 
nosis, mild mitral regurgitation, a 
dilated right atrium and right ven- 
tricle, pericardial effusion and a 
large mass in the region of the poste- 
rior mitral leaflet protruding into 


and obstructing the mitral orifice- 


(Figure 1). Cardiac catheterization 


: revealed the following pressures (in 


í, ): right atrial mean, 20; right 


wd ae 8; pu monary : ar- 
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tery wedge mean, 35, left ventricula 
125/18; and aortic, 125/80. The p 


lar mean diastolic gradient was 20 
mm Hg. The left ventricle contr te 
normally. By angiography, ne 

mitral nor aortic valve regurgitatio: 
was present and the epicardial coro 
nary arteries were normal, Thor 
cotomy was performed and a ‘le 
on’ -sized mass involving the basal 
portion of the left ventricular w 
was found. Computed tomography 
after operation localized the mass | 
the region of the posterior 
leaflet. Electrocardiogram showe 
changes of right ventricular hyper- 
trophy, incomplete right. bundle 
branch block and left atrial abnor 
mality. Echocardiogram sho’ 1 
large mass in theregionof the mitral 
valve and it extended into the left 
atrium and left ventricle. By Dop, 
ler, the estimated mean mitral pre. 
sure gradient was 18 mm Hg 7: Ma: 


confi rmied these fi ndings. Th 
tient received radiation therap but 


died suddenly: 


At necropsy (490-2), th 
with the neoplasm weighe 


The visceral 








FIGURE 1. Transesophageal echocardiogram showing the tumors (arrows) in the left 


atrial (LA) wall. LV = left ventricle; RA = right atrium; RV = right ventricle. 


were adhered to one another by fi- 
brous and neoplastic adhesions. The 
neoplasm in the wall of the left atri- 
um caused severe obstruction to the 
mitral orifice (Figure 3) and also to 
the left pulmonary veins. The neo- 
plasm also invaded the coronary si- 
nus, basal portion of the left ventric- 
ular wall and a single tumor deposit 
was present in the right atrial cavity 


Ye 


FIGURE 3. Phot 


aphs of longitudinal views of the heart showing large tumor 


at the orifice of the coronary sinus. 
The only body organ containing the 
neoplasm other than the heart was 
the lung; a tumor was present in sev- 
eral pulmonary arteries with result- 
ing pulmonary infarcts. Histologi- 
cally, the neoplasm was a spindle- 
cell sarcoma. Both pleural spaces 
(approximately 1,000 ml each) and 
the peritoneal cavity (1,400 ml) con- 





deposits in the wall of left atrium (LA) with re- 


FIGURE 2. Magnetic resonance image 
of thorax showing the tumor in the 
walls of left atrium (LA) and left ventri- 
cle (LV) and pulmonary infarcts in 1 
lung from occlusion of several pulmo- 
nary arteries by sarcoma from the 
right atrium. Abbreviations as in Fig- 
ure 1, 


tained dark, amber-colored watery 
fluid. 

The aforementioned patient had 
sarcoma involving the left atrium 
and the tumor extended into the mi- 
tral orifice producing severe mitral 
stenosis. We found 7 previously re- 
ported cases of left atrial sarcoma 
causing mitral stenosis and pertinent 
observations in them are listed in Ta- 
ble I.!-7 Only 1 of the previously re- 
ported cases had the mitral obstruc- 
tion confirmed by catheterization, 





I 


sulting severe obstruction (arrows) to the mitral valve orifice. Tumor also invaded the coronary sinus (CS). Abbreviations as in 


Figure 1. 
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atural carnivores live on meat. Natural herbivores 

live on vegetables, fruits and starches (rice, corn, 
potatoes, beans, pasta). Carnivores and herbi- 

2s are made differently (Table I). Carnivores have 
claws and sharp teeth for ripping meat apart; herbivores 
ve hands (unless they have hoofs) for gathering food 
and flat teeth for grinding the vegetables, fruits and 
Carnivores have short bowels and rapidly digest 


stinal tract is short. Herbivores have long intestines so 
re is plenty of time to digest the nutrients in the 

its and starches, and when these animals eat 

ds. their transient times a are relatively oat 


“amin C, which is Saal absent in meat and day 
lucts; herbivores obtain their vitamin e from plant. 
foods i in which it P aenor ' 


EEM Herbivores ` 


Claws < Hands or hoofs 
eo Sharp. ` Flat, 
“Short Long 
ooo Pant Sweat 

Lap it f Sip it 

Make it ah Obtained solely 

themselves. from diet ` 








Lopressor” 


metoprolol tartrate USP 


Tablets 
Ampuls 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
A INFORMATION, SEE PACKAGE INSERT) 


$ INDICATIONS AND USAGE 
Hypertension 
Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 
-Angina Pectoris 
Lopressor is indicated in the long-term treatment of angina 
pectoris. 
Myocardial Infarction 
Lopressor ampuls and tablets are indicated in the treatment of 
h modynamically Stable patients with definite or suspected 
ute'myocardial infarction to reduce cardiovascular mortality. 
Treatment with intravenous Lopressor can be initiated as soon 
as the patient's clinical condition allows (see DOSAGE AND 
ADMINISTRATION, CONTRAINDICATIONS, and WARNINGS). 
Alternatively, treatment can begin within 3 to 10 days of the 
acute event (see DOSAGE AND ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertension and Angina 

Lopressor is contraindicated in sinus bradycardia, heart block 
paer man first degree, cardiogenic shock, and overt cardiac 
ailure (see WARNINGS). 

Myocardial Infarction 

Lopressor is contraindicated in patients with a heart rate 

< 45 beats/min; second- and third-degree heart block; signifi- 
cant first-degree heart block (P-R interval = 0.24 sec); systolic 
blood pressure < 100 mmHg; or moderate-to-severe cardiac 
failure (see WARNINGS). 


WARNINGS 
Hypertension and Angina i 

| Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
In hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics, eee should 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. d 

In Patients Without a History of Cardiac Failure: Continued 

depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely. If cardiac failure continues, de- 
apie adequate digitalization and diuretic therapy, Lopressor 
should bé withdrawn. 


Ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be carefully monitored. If angina markedly worsens or 
acute coronary insufficiency develops, Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized, it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients with 

t bronchospastic disease who do not respond to, or cannot 
tolerate, other antihypertensive treatment. Since beta, se- 
lectivity is not absolute, a aera agent should be 
administered eoncamitaniiy, and the lowest possible dose of 
Lopressor should be used. In these circumstances it would 
be prudent preset to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
dosing interval. (See DOSAGE AND ADMINISTRATION.) 

Major Surgery: The necessity or desirability of withdrawing 
beta-blocking therapy prior to major surgery is controversial; 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. A f 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 

roterenol. However, such patients may be subject to pro- 
racted severe bs hg oe Difficulty in restarting and main- 
taining the heart beat has also been reported with beta 
blockers 

Diabetes and Hypegiycamla: Lopressor should be used 
with caution in diabetic patients if a bet2-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
Clinical si pr pratt tachycardia) of hyperthyroidism. Patients 

` _ suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial Infarction 

Cardiac Failure: Sympathetic stimulation is a vital component 
Supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
Cipitating or exacerbating minimal cardiac failure. 

During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. If heart failure 



















occurs or persists despite appropriate treatment, Lopressor 


_ Should be discontinued. 


Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval =0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

If heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
If treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

Hypotension: If hypotension Nsyatotle blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 
paired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meals. 
If a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined; (2) to contact the physician if any diffi- 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, =e of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. In 2-year studies in rats at three oral 
dosage levels of ue to 800 mg/kg per day, there was no in- 
Crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of toamy mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Neither finding represents symptoms of a known 
disease entity in man. In a 21-month study in Swiss albino mice 
at three oral dosage levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated con- 
trol animals. There was no increase in malignant or total 
(benign plus malignant) lung tumors, nor in the overall inci- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-1 mice, and no statistically or biologically 
significant differences were observed between treated and con- 
trol mice of either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmonella/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 


Pediatric Use 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Hypertension and Angina 

ost adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients, Cold extremities; 
arterial insufficiency, usually of the Raynaud type; palpitations; 
congestive heart failure; peripheral edema; and hypotension 
have been reported in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Respiratory: Wheezing (bronchospasm) and epee have 
been reported in about 1 of 100 patients (see WARNINGS), 

Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 
100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about 5 of 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
explicable. 

he oculomucocutaneous syndrome associated with the beta 
blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in i 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: In the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 

pormo with other beta-adrenergic blocking agents and should 
e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression pro- 
gressing to catatonia; an acute reversible syndrome character- 
ized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
ig he aed of overdosage have been reported, some leading 
to death. 

Oral LDso's (mg/kg): mice, 1158-2460; rats, 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. 

In general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other pa- 
tients and should be treated accordingly (see WARNINGS, Myo- 
cardial Infarction). 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. y 

Bradycardia: Atropine should be administered. If there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered- cautiously. ne 

Hypotension: A vasopressor should be administered, e.g., 
levarterenol or dopamine. 

Bronchospasm: A beta,-stimulating agent and/or a theo- 
pane derivative should be administered. 

ardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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